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Matrix Analysis and Social Planning 
Roger A. Lohmann 




The Matrix Analysis manuscript which follows was originally written in 1976 as 
a follow-up to an earlier concept paper nominating input-output analysis as a 
technique for social planning (Lohmann, 1971). Both papers were necessarily 
limited at the time by the absence of any adequate conceptualizations of national, 
state, regional and community-level public and nonprofit human services sectors. 
More broadly, yet to be identified were a clear model of nonprofit production (as 
opposed to the then-current macro-economic notion that nonprofit organizations 
were components of household consumption. Also yet to be developed was the 
current notion of a third (nonprofit or civil society) sector clearly distinguished both 
from the government sector and the market order (or as Charles Lindblom [1976] 
phrased it that same year, “politics and markets”).  
I was at the time of the original study an untenured Assistant Professor at the 
School of Social Work at the University of Tennessee and it was nominally written 
as a consulting report for the United Way of Knox County, Tennessee. At the time, I 
was able to convince an official, Jim Music,  at the United Way of Knox County to 
endorse the effort although there were no formal contracts and no money changed 
hands. United Way staff were, however, able to provide me with the necessary data 
from United Way reports and budget documents. Even after it was completed, it 
seemed to lack practicality. And, like so many other consulting reports prepared for 
social planning operations in that long lost era, little came of the effort in the years 
that followed.  
Copies of the original report sat in my file cabinet undisturbed for the past four 
decades. It is being reworked slightly in this revision for the collection of my papers 
in the WVU Research Repository primarily because I am still interested in the ideas 
presented. It is also accompanied in the Research Repository by a much later 
manuscript  that takes these basic ideas and expands upon them both theoretically 
and by the inclusion of new data (Lohmann, 2020). The major effort here has been 
to type the original typewritten report into an electronic form, correcting spelling 
errors, rechecking math and correcting a few mistakes. A small amount of updating 
and a few comments on differences between local human service networks in 1976 
and 2020 are also included. 
The period from 1962-1970 (or, somewhat more expansively, the two decades 
from the election of John F. Kennedy in 1960 to the election of Ronald Reagan in 
1980) was a kind of Golden Age for social planning thought and practice in the 
United States, rivaled only by the most creative five years of the New Deal, 1932-
1937 and the post-war decade, 1945-1955 (Kahn, 1969; Morris, 1964; Morris, 
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Binstock & Rein, 1966; Mayer, 1972; Mayer, Morris and Moroney, 1974). In 
discussing the planning activities of this period, known generally as the Great 
Society period, using Lyndon Johnson’s famous term. It will surprise some readers 
to learn that this phrase was also used centuries before by Adam Smith. 
It is very difficult to imagine today, but at the time I began the input-output 
original project in 1970, federal grants in anything like their current sense were 
only about five years old and at the time of this study, they were still only a decade 
or so old.  I was one of a relatively small group of professionals and academics who 
had first-hand experience with writing, negotiating and administering federal 
human services grants, and I was trying to generalize from my experiences. At the 
time, I had never heard of the social economy and general acceptance of the three- 
(or, as I would prefer four-) sector model of the social economy was still years into 
the future. It is clear in retrospect that, from an inter-organization perspective, the 
longer-term “roll out” of federal grants was a multi-step process: 
1. Step one began back in the 1930s with the “welfare titles” of the Social 
Security Act (Old Age Assistance, Aid to Families with Dependent Children, 
aid for the disabled, etc.) which offered formula grants-in-aid from a single 
federal agency to a single public agency in each state. Medicaid was the last,  
largest and longest-lasting of these programs that were originally fashioned 
as temporary. Prior to this, land grants had been the principal form of federal 
grant activity. 
2. In the early 1960’s a small number of federal-to-state-and-local government 
grants (the Manpower Development and Training Act; several regional 
economic development programs, and a handful of others) were set up to 
enable federal program grants from a small number of federal agencies to 
legislatively-matched state and local government agencies. 
3. The original thrust of the Great Society was for a much wider array of federal 
program grants to state and local governments, for dozens, if not hundreds of 
specific programs in employment and training, temporary work programs for 
all ages, education, senior services, early childhood education, and a great 
deal more. 
4. Whenever the existing public infrastructure (first in urban renewal and later 
in other areas) proved unable to absorb and make use of these programs, 
state and local governments were allowed to create completely new nonprofit 
entities whose governing boards were (and in many cases, still are) controlled 
by public officials.  
5. When this also proved insufficient, some federal agencies began to allow 
existing private (non-governmental) nonprofit human services, like Red Cross, 
Catholic Charities, Family Services Agencies, Big Brothers and Big Sisters, 
Traveler’s Aid, YMCAs and YWCAs and other voluntary agencies to apply for 
and be awarded federal grants in their respective program areas.  
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6. This was eventually expanded further to bring comparable newly-created 
nonprofits in human services (like Area Agencies on Aging, Community 
Action Agencies, Community Mental Health Centers, senior centers, 
homemaker and home health agencies and numerous others) into federal 
funding streams. This was usually subject to the expectation that their 
boards include representation of local or state public officials. In the case of 
Community Action Agencies in the War on Poverty, this expectation was 
formalized in the infamous “one third, one third, one third” expectation of 
public officials, poor people and members of the general public (Moynihan, 
1969). 
This is where things stood at the time the original input-output project got 
underway in 1970. Most United Way member agencies were the traditional, 
voluntary human services (widely known at the time as “social services”), some 
dating back to World War I and before. Few of the newly created nonprofits had yet 
joined the United Way system and co-mingling of federal and locally-donated funds 
was still relatively rare. In Knoxville, the community mental health agency was a 
major exception, receiving both federal grants and major United Way funding.  
As these steps unfolded in the decade of the 1960s, traditional local 
governmental and voluntary agency accounting standards and practices were 
increasingly strained and accountability for federal funds became increasingly 
problematic.  
One of the last two steps in this process was introduced in the first years of the 
1970s by the Nixon Administration. Generalizing from federal grants and 
connecting up with the procurement processes for buying federal land, building 
tanks, submarines and military equipment, the various components of “performance 
contracting” were introduced and many federal grants became federal “contracts”. 
In the early years of this transition and the time of the original matrix analysis 
study, the differences between grants and contracts in human services were 
negligible. All the ensuing work on service-unit tabulation and outcomes 
measurement in human services was conducted in the shadow of this 
transformation.  
The final point worth mentioning here is that the burden of the evolution of 
federal grant relations finally proved overwhelming for the existing systems of fund 
accounting then in place in local government and nonprofit agencies, and more 
importantly for the Certified Public Accountants (CPAs) who were expected to offer 
definitive professional opinions on whether or not funds were properly accounted 
for. The result, in various states were the development and acceptance of entirely 
new Generally Accepted Accounting Principles (or GAAPs) for local and nonprofit 
entities. In the case of nonprofit corporations, these were founded on an “enterprise” 
rather than “fund” model; an approach that is somewhat less clear in local 
government accounting. This made financial statements far more intelligible than 
they had been, and also allowed the Internal Revenue Service, by the early 1990s to 
dramatically revise the IRS-990 tax reporting form. In the process, the kind of 
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information utilized in matrix analysis became much more readily and reliably 
available, and matrix analysis procedures outlined below were no longer in search 
of relevant data.  
Social planning, for these purposes, is not envisioned in this study as the kind of 
rationalistic, instrumental and oppressive social control by totalitarian bureaucrats 
too often envisioned in the anti-socialism of contemporary libertarians and 
conservatives. Social planning as envisioned here consists simply of a pragmatic 
extension of common sense thinking and action; the activities of preparing a set of 
decisions for action in the future. Planning is one of a suite of tools for social 
problem-solving that also includes community organizing, advocacy, public 
deliberation and sustained dialogue (Lohmann & Van Til, 2011). In some definitions 
of planning, various additional elements of professionalization, the rationality of 
resulting decisions, optimal results and other factors may also be emphasized, but 
the elements of preparation, decision-making, and future action are sufficient for 
our purposes.  
From a social planning standpoint, most of the key planning activities of the 
New Deal took place in committees of employees of the U.S. government, who were 
among those characterized at the time as FDR’s (or Rexford Tugwell’s or Harry 
Hopkins’) Brain Trust, while in the post-war period the signature social planning 
efforts were divided among federal (e.g., the G.I. Bill which began the 
transformation of higher education), state and local government officials and 
representatives of private industry (e.g., the planned development of the suburbs 
and the development of zoning). Planning of any sort was during this early period 
highly controversial – a “socialist” shibboleth with overtones of Nazi or Bolshevik 
totalitarianism contrasted with the laissez-faire individualism of traditional Anglo-
Saxon culture. (The general tone of this same distaste for planned social change are 
still evident in the vague, dark, Trump-era musings about the allegedly pernicious 
influences of the  “deep state”.) The programs of Urban Renewal, the failures of 
public housing, and the dark machinations of Robert Moses and others like him 
loom large in the mythology of this view. The literature on this topic is vast and 
many of the most controversial issues have yet to be resolved (Friedan & Morris, 
1968; Goodman, 1972; Jacobs, 2002; Rubin, 2000; Wilson, 1968). Meanwhile, almost 
unnoticed, more prosaic forms of social planning have continued to be carried out in 
government, business and nonprofit settings without interruption for the past five 
decades. As envisioned here, whether or not anyone attempts to impose any 
solutions upon anyone, by fair means or foul is, strictly speaking, a question of 
implementation and beyond the purview of the planners. Most contemporary social 
planners are dedicated and public spirited professionals not deserving of the 
characterization as Soviet-style apparatchiks  
The extraordinary nature of the social planning that took place during the Great 
Society period and since has been less than obvious in part because of strong polar 
tendencies to dissolve this activity into the separate spheres of the technical, as 
symbolized by the term social engineering, and the political, in terms of social 
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movements and interest group activity. Most importantly, the “engineering” of the 
end of segregation in the United States involved the coordinated activity of 
hundreds of thousands of persons preparing for making millions of decisions of a 
strategic and tactical nature within the broad outlines of de-segregation that began 
with various state laws and the 1940 order by FDR to de-segregate the military, the 
1954 Brown v. Board of Education decision by the U.S. Supreme Court and 
culminated in the Congressional civil rights acts of 1964 and 1965. E.g., are 
integrated companies of black and white platoons sufficient, or must “racial mixing” 
occur down to the squad level? Are bed and breakfast facilities “public 
accommodations” to be desegregated? What about widows who rent out a spare 
bedroom? On what kind of schedule are segregated public restrooms to be 
transformed and signs above water fountains to be taken down?  
In part because it is genuinely tedious to do so, there has been little systematic 
effort to track the actual planning and implementation activities of desegregation at 
this level of detail. It is, after all, the results which matter. Yet, for people “on the 
ground” during this and other periods, the systematic pursuit of fair and 
expeditious answers to myriad such questions within the broad guidelines laid 
down by Congress and the Courts was a major social planning concern. 
Appalachian Planning and the Byrd Initiative 
One of several important social planning initiatives began with the remarkably 
prescient, and largely undocumented, planning of the Appalachian Regional 
Commission around 1965. At the risk of oversimplification, the formula that was 
arrived at was a matter of opening up the Appalachian region to the rest of the U.S. 
through “health care and highways.” In a kind of first stage planning effort the ARC 
built out a regional network of state and multi-county regional planning agencies. 
Although the Reagan counter-revolution of the 1980s began the process of 
collapsing that initial ARC planning network, in West Virginia at least the planning 
continued. It did so through the remarkable “pork barrel politics” of Senator Robert 
Byrd’s announced plans to bring billions to the folks back home which continued 
from the 1980s until his death in 2010. The only thing most of the rest of the world 
observed was a remarkable, at times, breathtaking, instance of Congressional 
politics as usual, as hundreds of federal grants and (literally) billions of dollars 
poured out of Washington DC to communities in the state of West Virginia.  
 The rediscovery of poverty, Medicare, Medicaid (and the earlier MAA), the 
replacement of OAA with SSI, the development of the federal grant in something 
like its present form and the subsequent addition of performance contracting, the 
discovery of the nonprofit corporation 
Where Matrix Analysis Fits 
Matrix Analysis, which was originally written more than a decade before I first 
encountered the idea of the “third sector”, which is incorporated into this revised 
edition, was originally intended to be a contribution to the planning technology 
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called for by Frank Zweig & Robert Morris (1966).  As a doctoral student in Morris’ 
Social Planning Seminar at the Heller School in 1971, I became familiar with the 
catalog of planning technology that he and Frank Zweig had compiled, and had, in 
fact, made a couple of minor suggestions for additions to the catalog based on my 
earlier experience in the Community Action Program of the War on Poverty.  
Most of the technical apparatus of Matrix Analysis spelled out in this study 
could, fairly easily, be retrofitted to more recent understandings of the nonprofit 
independent, non-governmental sector and civil society, and to the vastly expanded 
world-wide data archives now available. Importantly, the all-important Leontief-
inspired steps of “aggregation” (collapsing an array of numbers into a single digit 
without losing track of the original array) and “disaggregation” (expanding a single 
digit into an array) are today relatively routine operations possible with any 
electronic spreadsheet. By contrast, in the 1970s, with the paper and pencil 
technology with which I first worked, these steps seemed genuinely radical.  
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Matrix Analysis and Social Planning 
Roger A. Lohmann 
West Virginia University 
 
An important aspect of the impact of the Enlightenment legacy of western 
philosophy on defining the nature and scope of social planning as a human endeavor 
has been a great gulf between those who emphasize the mental, cognitive aspects of 
planning and those who emphasize the interpersonal, social aspects of the planning 
process. This dual tradition in planning theory is related to, and derived from, the 
split that developed in the social sciences during the 19th century between the 
rational tradition (as evident, in particular, in economics) and the phenomenological 
tradition, which took the nature of human rationality itself to be problematic and 
an object of study. The term planning process is vague enough to handle either 
approach, although advocates of rational planning models have been much more 
forthright in elaborating the “planning mind” – the individual mental or cognitive 
features of planning as a process. Advocates of the planning process as an 
interactive, social process have been far less concerned with detailing the (or a 
single signature) planning process.  
In recent decades, this distinction has been reified by advocates on both sides as 
distinguishing the “rational” and the political approaches to planning. Most formal 
statements of planning process are overtly rationalistic, stressing the essential 
nature of logical problem-solving and largely discounting other problem-solving 
approaches, whether intuition, random search, serendipity, or social imaginaries 
(Taylor, 2004). My social work colleagues Peter Kettner and Lawrence Martin have 
often remarked in their writings on their commitment to the rational/instrumental, 
while other colleagues like Murray Gruber and others have shown much greater 
affinity for the political (Gruber, 1974; Kettner & Martin, 2013; Weil, Reisch & 
Ohmer, 2013).  
Often advocates of the rational approaches appear to call for a more “scientific” 
politics, to use Karl Mannheim’s term, in which power, authority, and self- and 
group-interests are supplemented or even replaced by a dispassionate (and 
somehow single-minded) pursuit of the public interest or the common good 
(Mannheim & Wolfe, 1971). Arguments for the replacement of politics with a kind of 
science as the matrix of collective decision-making is in the tradition of the 
philosopher-kings of Plato’s Republic. In this view, the ordinary pushing and 
shoving of democratic politics is often seen as inherently venal, and often corrupt 
and degenerate as well, while “scientific” choice is held up as the epitome of 
righteousness. Planning is viewed from this perspective as a pre-eminent vehicle for 
the improvement of public life and enhancement of the quality of life in society. In 
recent decades, this tradition has been most vociferously defended by behaviorist 
psychologists. Of particular interest, for our purposes, is the role of the planner in 
B.F. Skinner’s Walden Two (1976). 
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My own approach to planning has been to acknowledge the political without 
altogether dismissing the importance of the rational/technical. It follows the general 
outlines of the approach of Robert Morris and Robert Binstock (1967) of “feasible 
planning for social change”, and is heavily influenced by the previously mentioned 
Mannheim (1940) and the planning theorist John Friedmann (1973). Efforts to 
replace politics with planning or to equate planning too closely with the scientific 
method are, whether we choose to recognize it or not, inherently antithetical to 
democratic theory and positions seeking to enhance the power of the people. 
Planning cannot be equated too directly with scientific problem-solving without 
seriously de-emphasizing the inevitable and necessary ties between planners and 
others operative in political arenas. As a central concern, the definition of planning 
already introduced in the Preface suggests that planning involves preparing a set of 
decisions for action in the future, not the actual making of those decisions – which 
in a democracy is left to other hands than those of the planners.  
A more appropriate approach to planning than the model of scientific 
hypothesis-testing as the basis for political choice is the view of planning as a 
distinctive political technology, concerned with the preliminary steps prior to actual 
decision-making. In this sense, it is not to be contrasted with the scientific method, 
but rather with tradition, personal whim, ideology, habit and all of the other 
possible non-rational antecedents to choosing. From this viewpoint, planning can be 
seen as s particular set of behavioral conventions and organizational and 
institutional arrangements, views of the world as it is and methods of acting 
intended to resolve certain general issues of democratic politics in a particular 
manner. For example, David Easton argues that political systems are concerned 
with the authoritative allocation of values in society (Easton, 1953, 153; See also 
Easton, 1966). Social planning as political technology lays out certain standard 
routines and operations appropriate for preparing and making such authoritative 
allocations of values, whether they involve economic, justice, or other concerns. 
Program development, from a social policy planning perspective, social movements, 
political party platforms and the skills involved in the unfettered pursuit of 
personal gain through politics, therefore, all represent different political 
technologies. A basic commitment to general social, as opposed to individual 
personal considerations can be signaled by speaking of planning and other political 
technologies as issue-oriented.  
John Fenton (1966) divides the political style of political parties in six 
midwestern states into two categories: Minnesota, Wisconsin and Michigan are said 
to have parties which engage in issue-oriented politics, while Ohio, Indiana and 
Illinois are said to focus on job-oriented politics. Fenton offers evidence that the 
differences results in different use of what we are calling political technologies, such 
as party platforms and patronage committees. Presumably, the political technology 
of social planning can be altered by such environmental influences as well. Some 
support for such a view can be found by comparison of Alan Altschuler, The City 
Planning Process (1965) and Meyerson & Banfield, Politics, Planning and the Public 
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Interest (1955), which are studies respectively of city planning in Minneapolis-St. 
Paul and Chicago.  
Along with other such issue-oriented approaches to politics, social planning is a 
view of political systems which emphasizes the pragmatic, problem-solving qualities 
involved in anticipating and organizing redistributions of burdens and benefits 
through political means. But, unlike such related approaches as reform politics or 
the issue-oriented politics found in some states, for example, planning approaches 
also emphasize and integrated and more-or-less prescribed set of political rituals 
and ceremonies designed to seek solutions and consider alternatives to recognized 
policy problems in a particular manner. It is this set of prescriptions (usually 
summed up as “the planning process”) that represents the most distinctive element 
of the social planning approach to political behavior.  
Many contemporary planning models are quite explicit in directing political 
action: “Be goal oriented”; “Gather all relevant data”; “Review and consider all 
relevant alternatives”, etc. In this sense, planning constitutes a unique, 
understandable and recognized approach to democratic politics comparable, 
perhaps, with urban machine politics, interest group liberalism, fascism, Stalinist 
totalitarianism or the particular brand of authoritarian and quasi-monarchical 
Republican presidential politics that has grown up in the era from Richard Nixon to 
Donald Trump, and has accelerated since the G.W. Bush administration panic 
following 9-11-01. (Wolin, 2003) 
Comparison of the elements of the rational planning model with studies of 
various political systems for their implications for planning should prove very 
interesting. Seemingly, one of the defining characteristics of authoritarian planning 
systems, for example, might be deemphasis of review and identification of possible 
alternatives, since such regimes almost always engage in suppression of 
unrecognized or unapproved alternatives. Even so, planning is not a system of 
scientific politics. Science and politics are, in fact, distinct institutional approaches 
to decision-making for quite different purposes. Science is concerned with 
procedures for testing propositions and estimating the reliability and validity of 
results. Politics is more concerned with the moral acceptability of decisions. On this 
basis as well it would appear less appropriate to view planning as scientific politics 
than it is to see it as technological politics – the use of social technologies and 
methods in pursuit of political ends.  
Planning technology involves the use of various informational and analytical 
techniques and social skills to amplify, clarify, systematize or routinize the 
operations of political choice. In social policy planning, for example, the appropriate 
emphasis is less upon locating the right, or correct, alternatives than upon fitting or 
matching various alternatives to desired or preferred objectives and exploring the 
broadest range of implications for alternatives chosen.  
The political technology of social planning consists of at least two distinct 
categories of human skills. On the one hand, interpersonal political techniques 
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involve marshalling and exercising influence, impression management, organizing 
groups and communities, and other similar efforts which are directed at exercising 
direct effects on political behavior. On the other hand, analytical political 
techniques involve symbol manipulation (whether semantic or mathematical), for 
purposes of problem definition and clarification, review and consideration of 
alternative possibilities, and other problem-solving operations. The extent to which 
political skills of this type are socially organized, learned and passed on to 
succeeding generations can be easily overlooked. Planning is one of the many facets 
of American political life which rely heavily upon a common set of interpersonal 
skills. Others include community organizing, Congressional “casework” for 
constituents; “get out the vote” activities of political precinct workers, and the role 
of expert consultants among others.  
In this latter category, the range of analytic techniques for social planning is 
currently fairly limited, although social research methodology and economic 
analysis have both proven to be rich resources in recent years. For some interesting 
examples of such analytical technology, see Reiner, Reimer & Reiner (1968) and 
Zweig & Morris (1966). One might also look to a host of techniques ranging from the 
use of economic indicators, to formal policy analysis techniques, legislative and legal 
drafting and opinion polling. Planning, as that term is ordinarily understood, 
embraces both types of political technologies, although the relative emphasis of each 
may vary. Economic planning, for example, may be heavily reliant upon analytical 
techniques while the citizen participation requirements of social services planning 
in many areas place a premium on interpersonal skills. In either case, however, it is 
doubtful that one technical approach my completely predominate; it is ordinarily a 
question of emphasis.  
Social planning can be defined as the application of the planning process to the 
discovery and invention of solutions to major social problems – a task which has 
become a major purpose of public life in most advanced societies today. Because 
existing conceptions of social problems such as poverty, health or homelessness tend 
to state them in terms of human social action (that is, “behaviorally”) and social 
institutions (that is, “structurally”), it is not altogether surprising that 
interpersonal technology in this area has received substantially greater interest and 
concern than analytic technology. The exception to this, of course, is economics 
where great analytic sophistication has been achieved with economic models 
incorporating variables such as unemployment rates which bear directly, if not 
always centrally, on many social problems.  
There are a variety of reason for the lesser interest among social planners and 
other applied social scientists in analytical techniques. The chasm between 
rationalistic and interpersonal conceptions of the nature of planning, for example, 
has often supported strong tendencies among the latter group to steer away from 
analysis, particularly if it involves quantitative measurement. And those who are 
rationalistically inclined, particularly economists and urban planners, have often 
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shown marked disinterest in the kinds of “soft” analysis which predominates in the 
social area.  
There is, however, need for more analytical technology useful in social planning 
for a number of reasons, including the complexity of contemporary problems and the 
general paucity of satisfactory solutions to major social problems. However, 
developments in social research methodology, statistics, operations research, and 
other areas of analytic knowledge in the past two decades have created an ample 




I. Matrix Technology 
The focus of this manuscript is on the development of a brace of related analytic 
planning techniques suitable for use in social planning. The tools under discussion 
share a common heritage in the mathematics of matrix algebra, and a common 
applicability to situations involving problematic interaction effects, like those that 
can be represented as effectàcauseàeffects or, in systems jargon feedback loops. 
Some components of this methodology are suitable only for generic static models of 
the structure of a given problem situation. In general, these models can be referred 
to, as White, Boorman, & Brieger (1976) labeled them, block models. Lohmann 
(1978), for example, discusses a block modeling approach to the structure of 
personal influence networks. Lohmann (2008) outlines a modeling language for the 
re-design of organization charts. Such models offer significantly more sophisticated 
imagery of the structure of certain social situations than any existing approach in 
use in social planning.  
The main discussion, however, will focus on input-output matrices using 
interval-level data and accompanying systems of simultaneous linear equations 
suitable for use in prediction and forecasting. Prediction matrices derived from the 
initial data matrix developed in this study may, in the future, be capable of yielding 
highly sophisticated and multi-faceted predictions of future events and trends. 
The assortment of matrix techniques discussed below are useful for aggregation 
or reduction of large bodies of information to a smaller number of indices; 
disaggregation, or extracting greater detail from information; modeling, or 
estimation of certain properties and relationships abstracted from the empirical 
social world; and prediction, or estimation of future events and trends based on the 
past and present performance of certain quantitative parameters, or measurements 
of events and trends in the empirical world. A parameter is a measurement taken 
from an entire population (in this case, a local human service system). By contrast, 
a statistic is a measurement taken from a sample selected from a population.  
By their very nature, these techniques are more useful in certain social problem 
situations and less so in others. In general, they would appear to be most useful in 
federated, or decentralized, situations involving multiple decision points and 
complex networks in interaction and influence than in highly centralized or 
hierarchical situations. Likewise, matrix techniques may be particularly useful in 
complex systems; situations involving multi-stage consequences; That is situations 
in which there are multiple feedback loops among known or imputed causal 
relations or in which there are multi-stage causal sequences involved. Finally, 
matrix techniques are potentially capable of dynamic as well as static analysis and 
modeling and are therefore useful in situations involving structural change.  
Matrix analysis as it is outlined here offers at least three levels of models for use 
in social planning: The most elementary of these is, as already noted, the basic 
graph or block model which presents models identifying a system of interrelated 
elements and selected relationships between them (including the direction of 
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relationships. At a somewhat more advanced levels are structural models that 
estimate the direction and strength of these relationships with numerical 
coefficients. Dynamic models incorporate bi-directional, as well as direct and 
indirect relationships over time. Predictive models of any of these three types are 
concerned specifically with estimating various future states based on any of the 
models, while descriptive models are basic representations of existing or known 
conditions.  
Readers may get a better understanding of all of this by examining the following 
examples: one from sociometry and the other from econometrics. The principal 
formal difference between the mathematics of sociometry and of econometrics, as 
they relate to this study, may be seen to arise from their respective levels of 
measurement. Econometrics generally involves ratio-level measurement, not to 
mention more sophisticated mathematics, of the properties of monetary data, while 
sociometry has ordinarily concentrated upon nominal or ordinal levels of 
measurement, as well as fairly elementary mathematics.  
Sociologists have long been concerned with the problem of the definition and 
measurement of social structures. One of the early systematic sociological works on 
this subject was Georg Simmel’s suggestion for a “geometry” of social relations. 
(Simmel, 1906, as reprinted in Simmel & Wolff, 1950; Wolff, 2010). More recently, 
social psychologists following the leadership of J.L. Moreno and others have 
developed an entire sub-discipline of sociometrics. Built upon the mathematics of 
graph theory and digraphs, sociometricians (or those pursuing social 
measurements) have been able to construct elaborate diagrammatic models of 
entire micro-social systems such as friendship groups and macro-social sectors of 
governments, markets and commons. 
Festinger, et. al., (1960) demonstrated decades ago that such graphs could be 
presented in matrix form and that such presentations in matrix formats also 
showed the direction of relationships – much as pointed arrows would on a directed 
graph. Most recently, White, et. al., (1976A & 1976B) have suggested that certain 
recurring elementary matrix forms (or block models) may hold the key to empirical 
understandings of social structures.  
In general, the emphasis in sociometry has been purely binary in showing the 
mere presence or absence of a particular relationship. Econometricians, meanwhile, 
have built an elaborate and imposing subfield of economics on a comparable 
approach to economic structure. Based on the pioneering work of a research team 
headed by Wassily Leontief, various structural and dynamic models of national and 
regional economic systems have become possible – and in fact, such linear 
programming models have become a central methodological tool in contemporary 
economic planning in the modern, industrial world (Babu & Suresh, 1996; 
Fitzsimmons, Schwab & Sullivan, 1979). In the econometric approach, matrix 
models of the constituent units of economies, such as classes of industries or firms 
categorized by products are loaded with empirical data and manipulated by price, 
demand, and other econometric variables in order to predict various future or 
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alternative economic states. The distinctive contribution of input-output economics 
for our purposes is based upon the simultaneous inclusion in the analysis of what 
were referred to above as feedback effects. For example, consider the problem of the 
effects on the rubber industry of an increase in automobile production. An increase 
in new car production means direct increases in demand for rubber to put tires on 
the new cars, but also indirect increases through the transportation sector, because 
the additional trucks needed for delivering those new cars to buyers will travel more 
miles and thus have to replace their tires more often. Likewise, auto workers 
making more cars will also earn more money, enabling them, in turn to buy more 
cars for themselves. The methodology of input-output economics offers at least two 
approaches – iteration and the inverse coefficient matrix – for tracking and 
computing these kinds of indirect effects.  
A Common Language 
Both the sociometric and econometric approaches to the use of matrices 
mentioned above rely on the same body of mathematics – matrix algebra and the 
solution of systems of simultaneous equations – although there are obvious and 
substantial differences in the sophistication of the mathematical operations 
involved. Taken together, they suggest the possibility of a broad ranging system of 
techniques which also might be useful in the practice of social planning. One of the 
antecedent tasks necessary to make them more fully useful for planners, however, 
is the forging of a common vocabulary with which to discuss these seemingly 
divergent works by social psychologists and economists.  
One way to begin formulation of such a common vocabulary for matrix analysis 
in social planning is to suggest that all matrix analysis involves a parallelism in 
which a semantic or verbal theoretical model and a mathematical or analytical 
model are formulated in parallel and equaled with one another as isomorphic. That 
is, each is cast as a symbolic representation analogous with the other as well as 
with the underlying reality being modeled.  
The mathematical model in matrix analysis can be stated variously as a matrix, 
or as a system of simultaneous linear equations. Ideally, the semantic model can be 
stated as a set of meaningful generalized propositions. For this reason, an approach 
to such propositions set forth by Lazarsfeld and Menzel (1960) may be a useful 
framework for the  construction of semantic models in matrix analysis for social 
planning.  
A semantic model can be seen as a set of logically consistent propositions. Each 
proposition represents an assertion about a set of elements that are defined as 
objects comparable to one another in (one or more) properties. Each entity has an 
identifiable value on each of these properties and such values can be qualitative or 
quantitative. Propositions assert the relationships among properties of elements. 
Lazarsfeld and Menzel further distinguish among to types of such elements: 
members and collectivities, and suggest that different propositions are necessary to 
describe and classify each. Persons, for example, can be viewed either as elements – 
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as in sociograms of organizations or social networks, or as collectivities, as in 
theories of personality traits.  
Collectivities have three types of properties: analytical properties, derived by 
performing some mathematical operation; structural properties, by performing an 
analytical operation on data about the relations among members; and global 
properties, or emergent properties not based on the properties of individual 
members. Thus, the total number of individuals in a social network, for example, is 
an analytical property, while the list of all dyads, or pairs of individuals who know 
one another personally is a structural property while an estimate or measure of the 
total impact of the network on local government would be a global property. 
Likewise, members can be distinguished from one another by absolute 
properties, those that do not make reference to the collectivity or relations between 
members; relational properties, that are the individual counterparts of structural 
properties of collectives; comparative properties that related the value of a member 
on a property to the same value of another member, or the entire distribution of this 
property over the collective; and contextual properties that describe a member by a 
property of the collective.  
Fitting this approach to matrix analysis as illustrated by the econometric and 
sociometric approaches, we can make the following observations: Matrix analysis in 
general consists of five interrelated operations: 
1. Definition of a collectivity suitable as the basic unit of analysis (e.g., an 
economy, a social system, an organization, or a friendship group.) In this 
case, the human service system as elaborated in the next section will serve as 
the collectivity. 
2. Identification of the members of the collectivity in a manner that the total 
number of members define or co-extend with the limits of the collectivity. 
3. Establishment of the properties of the members of the collectivity in terms 
relevant to the model and the analysis (e.g., economic transactions, power or 
influence relations, expressed friendships, etc.) 
4. Establishment of a measurement procedure for estimating the values of 
members on the identified properties (e.g., dollar values measuring or 
“monetizing” some social processes (e.g., production, distribution and 
consumption).  
5. Conversion of descriptive, explanatory and predictive propositions between 
verbal and mathematical languages and interpretation of the results in 
ordinary language. 
Conclusion 
In the remainder of this monograph we will focus on systematically following 
through on these five basic steps in a single case at a single point in time, namely 
the human services delivery system of Knoxville, Tennessee in 1976. The basic 
problem is a familiar, highly conventional one: establishing the structure of a local 
human services economy, and estimating the fiscal impact of new program funds 
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within that structure. However, because conventional American econometric theory 
does not fully encompass the unidirectional grants economy of that typifies these 
voluntary agency relations in most American communities, we will have to start, as 
it were, from scratch in constructing a matric approach to this topic. In the process, 
we will set forth various types and models of matrices and an assortment of 
mathematical operations to be performed on them.  
The first step in this procedure will be elaboration of a semantic model of a 
general community human services economy in terms compatible with the logic of 
the input-output matrix. Then we will attempt to identify certain basic 
mathematical operations to be performed on the resultant matrix and particular 
sub-sections of it. Thirdly, the matrix will be “loaded” with data collected in 
Knoxville (with estimates made for those cells in which data was unavailable. Next, 
a series of matrix manipulations are performed on the data to see what they reveal 
about the local human service economy in question Finally, the monograph is 
brought to a with a discussion of the implications of matrix analysis for social 
planning.  
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II. A Human Services Matrix Model 
Input-Output Analysis is a branch of econometrics devised by a team of 
investigators headed by Wassily W. Leontief (Leontief, 1951; Leontief, 1953; 
Leontief, 1965A; Leontief, 1965B; Leontief, 1966B:  Leontief, 1966A; Leontief, 1976; 
Leontief, 1977; Leontief, 1986; Leontief, Carter & Brody, 1970; Leontief, 
Dietzenbacher & Lehr, 2004). It consists of the definition of a mathematical model 
of a productive economy in the form of a square matrix (called the “structure 
matrix”) in which rows represent the inputs of raw materials or factors of 
production and flows from industry to industry and whose columns represent the 
outputs of goods and services from those industries to other industries (as in the 
case of finished tires from the rubber industry sold to automobile producers  and 
outputs of finished goods and services, as in the case of other tires sold directly to 
consumers. (For basic matrix definitions, see Appendix A.) 
As an economic model, the Input-Output table has a number of features which 
should be of interest to social planning. For one thing, such matrices demonstrate in 
a concise manner – both visually and quantitatively – the complexity of aggregate 
transactions in a given economy. Moreover, since the data which are utilized are 
taken from industry records and the conclusions which are made are explicitly 
inferential and probabilistic, Leontief refers to the technique as “empirical and 
inductive economics.” Further the use of the matrix format allows dynamic 
representation or modeling of the processes as well as the structure of an economy 
under consideration during a given time period.  
Finally, the matrix format allows direct and ready access to a vast range of very 
powerful mathematical manipulations through the medium of matrix algebra. 
Because of these considerations, Input Output Analysis represents a potentially 
very powerful tool for model building and prediction in a range of situations 
involving structural complexity in social planning. Seemingly, all that stands in the 
way of harnessing such analysis for social planning is the identification of 
appropriate assumptions and convincing isomorphisms.  
One potential difficulty in applying this method to social planning is the 
underlying assumption of equilibrium (for a discussion of this in the context of the 
concept of efficiency, see Lohmann, 1978) Like much of the rest of conventional 
economic science, Input-Output Analysis in economics is grounded in general 
equilibrium theory, or the assumption that a state of balance or adjustment exists 
between a small number of conflicting forces. In input-output tables, this 
equilibrium relationship is evident in the expectation that tota inputs equal total 
outputs in the economy being modeled. The similarity of this premise with the 
general requirements for “balancing the books” in accounting would seem to pose 
little difficulty here. The problem of equilibrium and non-financial variables, 
however, is not quite that simple. In general, the difficulties are signaled by the 
distinction in game theory between zero-sum games, in which inputs also equal 
outputs, and non-zero sum games, where this assumption cannot be made. 
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There is, for example, no fixed or finite amount of power, status or influence 
existing in the world comparable to the amount of money in circulation at any given 
moment. Consequently, very careful attention must be paid to this problem of 
equilibrium  in all non-economic applications of the technique. We shall overlook 
these problems in this paper, however, and concentrate upon a purely economic 
application.  
In the remainder of this study, we will be concerned with a straight-forward 
application of Input-Output Analysis to the financial flows of the human service 
economy of a typical American city, with the local United Way at the center of its 
human service system and an important component of the voluntary, philanthropic 
sector. This formulation is part of an ongoing research project by the author and the 
data are being collected and analyzed in the manner discussed below. We will be 
principally concerned in this section with setting forth the model; that is, with 
formulating appropriate definitions and inter-relationships. The reason for this is 
straightforward: Input-Output analysis is a relatively unknown approach among 
non-economists and the notion of human service delivery as economic production 
(rather than aggregate consumption) is still relatively controversial. The key to both 
concerns must begin with careful elaboration of the model. 
There are, at present, no standard or generally accepted models of the structure 
of a human services system. Thus, the initial tasks of this project must be to: 
1. Define the various terms of input-output analysis operationally in the context 
of the United Way and local human services. 
2. Identify the empirical characteristics of the human services economy 
including the Unit Way in a manner that corresponds to the matrix model of 
Input-Output Analysis.  
Other issues including setting forth mathematical equations appropriate for the 
analysis of various empirical problems and making predictions and suitable 
procedures for data collection and analysis can then be dealt with separately. 
The Structure of Local Human Services Economies 
 The first task here involves the construction of a structure matrix representing 
a general view of human services economies. The operative assumption here is that, 
contra conventional macro-economic thinking where human services and nonprofit 
services generally are classified as forms of collective consumption, financial and 
other non-monetary inputs to human services are factors of production. Specifically, 
these resources produce philanthropic and service outputs that are received as 
indirect, or intermediary inputs to service production by other social agencies, or 
directly as benefits by clients.  
For our purposes, a human services economy can be defined as a set of inter-
related empirical transactions over a finite period of time. Inter-relatedness is, at 
this point, is necessarily subjective component, chiefly dependent upon the 
meanings attached to financial flows by participant. By necessity, we can only 
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assume such meanings in any analysis, since establishing such interpretations 
empirically would be a separate, and formidable, research undertaking. This means, 
necessarily, that the “goodness of fit” of the model to the realities involved is at least 
partly a criterion for assessing the adequacy of the model and resultant predictions. 
It is theoretically possible to establish the empirical structure of such an economy 
using some system of sociometric notation or flow charting to illustrate the 
sequence of transactions involved. Presumably, such a procedure would show a 
highly complex set of transactions for which some level of simplification is 
necessary. This kind of simplification is accomplished in Input-Output Analysis by 
adding similar transactions together to form industries or other sectors of the 
economy in the procedure previously discussed as aggregation. Simply stated, a 
sector is a number of meaningfully-related transactions that can logically be tied to 
one another and aggregated. Thus, in different contexts, programs, industries, 
agencies, could all be aggregated into logical categories. Appropriate levels of 
aggregation or disaggregation and the resulting number of sectors in an empirical 
economy are thus partly a function of the complexity of the transactions involved, 
but more importantly a matter determined by the analyst based on the task 
involved and the intended uses of the resultant findings and predictions.  
Transaction as the term is used throughout this study refers to binary or dyadic 
exchanges of money, goods or services. Because of the non-market character of most 
human services activities, this concept may require some additional clarification in 
some analyses. In general, such transactions are recorded in the financial records of 
human service agencies as financial flows – either revenues or expenses. To the 
extent that such accounting information is becoming standardized among human 
services (a process very much still underway), the resulting financial data offers a 
reliable source of data on the inputs and outputs of a particular human services 
economy. Because they are found in many different agencies, however, numerous 
practical problem arise and the practical problems of collecting such data should not 
be underestimated.  
Transactions in the case of human services ordinarily involve exchange of 
resources. Several types of such exchanges are possible, depending on several 
different considerations. Two of the most important are the characteristics of the 
parties to the transaction and the direction of the exchanges involved. Consistent 
with current social welfare terminology, we can speak of three types of parties – 
givers, or those who create,  provide or donate resources; and two types of receivers; 
beneficiaries, who are those who receive resources and presumably benefit from 
them, and intermediaries, or “third parties” who receive resources from givers and 
handle or process them prior to their ultimate distribution to beneficiaries. 
Logically, the flows of any set of transactions in a human service economy begins 
with a giver and ends with a receiver, whether it is conceived as dyadic or triadic 
transactions. 
(Note: This study marks the first use of this idea of the signature triparte 
transaction, shown in Figure 1, which figures prominently in all of my subsequent 
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work on human services and nonprofit organizations, including Lohmann, 1980; 
Lohmann, 1992; Lohmann & Lohmann, 2002; Lohmann, 2015 and numerous 
additional papers and chapters. 
Figure 1. The basic triad of human services exchange. 
 
 
Three directions are possible in any given transaction. When resources flow both 
to and from a party to a transactions, we can speak of an exchange. As Boulding, 
Pfaff, & Horvath (1972) note, however, one way transactions are also possible in what 
they call “the grants economy”:  Thus, in such a one-way exchange when resources 
flow from an individual, we may speak of gifts and of giving. When they flow to an 
individual we may speak of receiving or benefiting.  
When we combine the various possibilities of parties to any given transaction 
with possible directional flows, none theoretical combinations are produced. As the 
reader will note from the table in Figure 2, these possibilities conform closely to 
various types of well-known human service efforts (but also three ideal types of 
transactions that are currently unnamed. Two of these possibilities – givers 
receiving and receivers giving are semantic oxymorons. The third – intermediary 
trades – may or may not have any actual empirical referents.  
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Figure 2 
Parties to, and Directions of 
Human Services Transactions 
 
 Actions 
  Give Receive Exchange 
 Givers Philanthropy ? Purchase of 
Services 
Actors Intermediaries ? Charity Mutual Aid 
 Beneficiaries (Donated) Service Fundraising ? 
 
A human service economy may consist of any of the remaining six possibilities in 
any combination . Those that are most relevant to a local United Way economy are 
set forth below. The first challenge in constructing a structure matrix of such an 
economy, therefore, is to identify which of these particular combinations may be 
involved.  To explore this further, I have chosen a community-wide United Way 
system for consideration. The reasons for that choice are numerous. For one thing, 
United Way organizations ordinarily have clearly established procedures for 
accepting human services as member organizations.  Because of this, we can fairly 
readily establish the bounds of the resulting economy in a simple, clear-cut 
undertaking. Also, the adoption of uniform accounting standards for member 
organizations  by United Way nationally simplifies several of the problems inherent 
in this data collection effort (United Way of America, 1974). 
Another important reason for choosing to study United Way is that the 
distinctive workplace fundraising model – through which pledges and donations are 
sought from employees at their place of employment – differs significantly from 
other, household-based fundraising practices.  
Finally, because many United Way member agencies routinely handle both 
public and private funds and for other historical reasons, they can be expected to be 
examples of most of the types of input-output relations one would expect to find 
among human service agencies today.  
Nominally, inputs are defined as resources flowing into the United Way economy 
or into any sector of that economy. Operationally, we may measure these inputs as 
income, revenues, donations or any other additions to assets. Nominally, outputs 
are defined as resources – money, goods or services – flowing out of any sector of the 
United Way economy. Operationally, such outputs are measured by expenditures, 
accumulated accounts payable, or any other reductions of resources. We must, 
however, distinguish between two types of such expenditures. On the one hand, 
there are those expenses (such as salaries paid) directly related to the output of 
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services produced or the delivery of direct benefits to recipients. There is also a 
second category of indirect, or supportive expenditures for salaries of support 
personnel, office supplies, rents, and other such expenses not clearly attributable as 
a direct cost of producing services. One of the virtues of the emerging United Wy 
information system is, in fact, its initial successes in defining routine methods for 
distinguishing and tracking these direct and indirect costs. While the inability to 
separate agency expenses in this way will not necessarily preclude analysis, it does 
place some inherent limits on the power of the model. 
The concepts and relations identified above constitute all of the basic materials 
necessary to construct a structure matric of a human service economy. Using the 
Knoxville United Way example, we shall now set forth a structure matrix of a 
United Way economy of a mid-sized American metropolitan area with a population 
of approximately 450,000 and roughly 30 United Way member agencies. (Note: the 
1990 population of the Knoxville metro area grew to an estimated 650,000 and the 
2010 population was estimated at just over 1,055,000. Virtually all of this growth 
has been outside the city; The core city itself is still just under 200,000 population. 
By January 2020, the United Way had about fifty member agencies and, according 
to a Guidestar search there were roughly 3,300 501C3 recognized nonprofits, 
including more than 100 foundations in the metropolitan area.) 
The method for this consists of deriving a square matrix  with the appropriate 
number of cells based upon the above information and the empirical problem under 
study. Data for each cell will be taken from standard report forms filed with United 
Way by member agencies. In this case, the analyst is essentially free to work at any 
level of aggregation deemed appropriate for the problem. The assumptions noted 
above have already established the necessary equilibrium and logical integration 
necessary for analysis.  (Utilizing the current agency information, for example, it is 
possible to visualize a fully disaggregated matrix of the entire nonprofit sector of 
Knoxville with 3,300 rows by 3,300 columns (or roughly 11 million cells. This might 
be aggregated by nonprofit “industry” into a smaller number of categories.) 
Logically, the minimum number of cells in the fully aggregated matrix of a 
model of any human service economy, based on Figure 1, would be three: Givers, 
Intermediaries and Beneficiaries. In the case of the United Way system of 
Knoxville, givers are those who donate to the annual United Way campaign. Those 
who contribute directly to an agency, like the American Red Cross chapter, might be 
classified initially as either givers (Cell AA in Figure 3) or intermediaries (Cell BA), 
in which case a disaggregation of that latter cell into two possibilities – Direct 
Agency Givers and Other Intermediaries – might be advisable. One seemingly 
sensible rule, followed here, would be that if givers are organized (e.g., foundations, 
businesses or public agencies) they will be classified as intermediaries, and if they 
are private persons, groups or families, they are classified as givers.  
The components of the fully-aggregated structure matrix of the human service 
system of the United Way of Knoxville, therefore, appears as shown in Figure 2. 
Following the conventional notations of matrix algebra we can uniquely identify 
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each of the sixteen cells of the matrix by adopting a combination of numbers and 
letters as shown. The letter refers to a particular matrix, the first number of the 
subscript to the row and the second to the column of that matrix. Since this is the 
first matrix defined, it is labeled Matrix A. 
Figure 3 
Structure Matrix of a United Way Economy 
 
 
 Givers Intermediaries Beneficiaries Total Inputs To 
Givers A11 A12 A13 A14 
Intermediaries A21 A22 A23 A24 
Beneficiaries A31 A32 A33 A34 
Total Outputs From A41 A42 A43 A44 
 
 Standard practices and conventional wisdom suggest that in this setting each of 




Transactions between givers may be conceivably of any of the types listed in 
Figure 4. That is, United Way givers might engage with other givers in acts of 
philanthropy, charity, mutual aid, purchases, service delivery or fundraising. The 
assumption here is that only when they engage in giving to the United Way 
campaign or directly to United Way member agencies are their gifts significant for 
purposes of tracking the human service economy of the United Way system. (This is 
an example of the kind of “empirical” structure discussed by Leontief; and this kind 
of determination will have to be made at various points in the analysis. The 
principle concern initially is only that such decisions should be spelled out 
explicitly.) 
In this analysis we might either enter zero here, indicating that such 
philanthropies are considered outside the human service economy, per se, or include 
these other philanthropies by United Way contributors, depending largely on the 
availability of reliable data. Because there are presently no standard practices for 
this, this analysis incorporates a large number of such judgements and 
determinations.  
Various approaches to disaggregating this cell would make sense: We might, for 
example, divide it into income classes, or distinguish givers by education level, or 
 24 
geographic location (any of the eight counties or roughly forty five municipalities in 
the current Knoxville MSA.) 
A12 
Transactions between givers and intermediaries are a major category in this 
table. Because the United Way campaign itself is not engaged in direct service 
delivery to clients, it meets our definition of an intermediary. Consequently, all 
individual and corporate contributions to the United Way campaign are entered as 
inputs to this cell.  
A13 
As with AA what we do with this cell depends largely upon the availability of 
data and the definition of the problem under consideration. Relationships between 
givers and clients in this case might include anything from independent charitable 
acts by givers to mutual aid efforts. The principal significance, theoretically, of this 
cell would be to establish the value of contributions to clients not going through the 
United Way operation. Perhaps “charity” is a good descriptive term for many such 
transactions.  
A14 
This column tracks total inputs into the human service economy in question. 
Each value is determined by the sum of cells in that row. Thus, the value of th first 
row is: (A11 + A12 + A13 = A14) 
A21 
This cell records the transactions from intermediaries to givers. (This is a special 
class of transactions that the IRS monitors closely in cases where givers receive 
something (gifts, prizes, discounts on tickets, etc.) in return for their gifts. In 
general, major considerations here are conflicts of interest and possibilities for self-
dealing (e.g, the grocer who makes a contribution with the expectation that a 
residential treatment center or summer camp will buy their groceries from him.) 
Under ordinary circumstances, the value of this cell would not be of much interest 
for the production of human services, except insofar as one might be able to track 
the impact of these transactions on future gifts.  
A22 
The transactions recorded by this cell should be of considerable theoretical 
interest for understanding human services economies for it is the location of the 
interorganizational exchanges at the core of such economies. Several important 
variations could be recorded here. For example, third party contracts, in which one 
organization (e.g., an insurance company, foundation or government agency, 
provides inputs for delivering services to clients to any United Way member agency 
tracked in Column B. Important here also are awards from United Way to its 
member agencies as well as grants to those agencies from others.  
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This particular cell is so important, in fact, that it may be the first candidate for 
disaggregation in any effort to untangle the structure of a local human service 
economy. One preliminary way to disaggregate this cell would be to distinguish 
between United Way Member Agencies, the main United Way organization, and 
other intermediaries. In the restructuring of the basic matrix in Appendix A below 
three categories of intermediaries are identified and distinguished – the United 
Way, the Community Foundation and Other Intermediaries. 
A23 
This cell might, in most instances, be thought of as the “output” cell since it 
records the estimated value of human services delivered to clients and other 
beneficiaries as a result of the financial structure of the local human services 
economy.  
A24 
Like the cell above it (A23), this cell is for recording the total inputs to the human 
service economy by financial intermediaries – which in the original study was only 
the United Way. At the time of the original study (1976) a second major local 
intermediary, the Knoxville Heritage Community Foundation, did not exist. Other 
“outside” financial intermediaries like state agencies and foundations were simply 
ignored It was not established until nearly a decade later in 1985. The value of Cell 
A24 is thus (A21 + A22 + A23 = A24) 
A31 
Data meaningful in this cell are not ordinarily gathered by any present service-
delivery or monitoring agencies. However, it would be interesting in many 
communities to determine (or even estimate) the economic impact of clients on 
givers. Do merchants, for example, whose customers include large numbers of 
beneficiaries of United Way supported services tend to contribute more (or less) 
heavily than those whose customers are not U.W. beneficiaries? These and other 
similar questions have seldom been addressed (before 1976 or after) since the 
general assumption is of a simple, unidirectional flow of resources from givers to 
receivers. Logically, this matrix and this cell in particular, suggests the possibility 
of some “feedback” flow.  
A32 
This cell is of interest principally for those situations in which inputs flow from 
beneficiaries to the agencies delivering services. The most significant possibilities 
here would seem to be fees paid by clients, a theoretical possibility discussed in the 
human services literature at least since the 1950s but not all that important at the 
time of the original study in 1976. Human service fees became much more 




This cell would be reserved for what would generally be considered mutual aid 
and self-help transactions between clients without direct involvement of agencies or 
other intermediaries dispensing formal human services. As with A31, this particular 
sector was seldom considered an integral part of the human service economy prior 
to 1980; in this case because of the “ego-centric” posture of human service agencies 
viewing themselves at the center of their own universe. In the revised matrix in 
Appendix A, careful attention is paid to the disaggregation of cell A33. 
A34 
This cell records the value of the sum of all inputs by and from beneficiaries. The 
value of Cell A34 is (A31 + A32 + A33 = A34) 
A41 
Under the general conventions of input-output analysis the final four cells in 
Row 4 record the value of total outputs. Cell A41 is computed as (A11 + A21 + A31 = 
A41). 
A42 
Cell A42 is computed as (A12 + A22 + A32 = A42). 
A43 
Cell A43 is computed as (A13 + A23 + A33 = A44). 
A44 
Cell A44 reflects the “grand total” of both inputs and outputs.  It is a kind of 
“check-sum” for the rest of the calculations: If the matrix is in working order (or 
balanced), the value of cell DD should be  (A41 + A42 + A43 = A44 = A14 + A24 + A34) 
Conclusion 
This discussion has been concerned with spelling out a semantic model of the 
structure of a local human service economy consistent with the assumptions and 
conventions of matrix mathematics and the technology of Input-Output economics. 
The example of a set of United Way member agencies and the  community-wide 
United Way organization itself is used to simplify and clarify the relationships 
involved.  From the basic trichotomy  of a system of givers, intermediaries and 
receivers, or beneficiaries, a basic three by three matrix was presented  and 
discussed as the minimal structure of a local human services economy. From this 
basic design, a variety of dis-aggregations are possible. We might, for example, 
disaggregate the intermediary cells into a five by five matrix in which the United 
Way itself and United Way member agencies as a group are differentiated. 
Likewise, disaggregation of each individual member agency could yield a 35 X 35 
cell matrix. Also mentioned were further distinctions between the United Way, the 
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Community Foundation that was created in the 1980s, and a category of Other 
Intermediaries.  
Each of these permutations raises the data required exponentially, and at the 
time of the original study human services accounting data was not yet reliably 
consistent because the Generally Accepted Principles of Accounting  (GAAPs) for 
nonprofit organizations and government agencies were not yet in place and data 
was often hard, or even impossible, to come by.  This situation has improved 
somewhat since then. One thing that the 1976 study presented here was not 
prepared for was the extent to which purchase-of-service contracting was to become 
a major characteristic of human services economics in the decades that followed.  
Interestingly, the logical rigor of the input-output matrix approach introduces 
into our understanding of the local United Way economy several sets of phenomena 
not ordinarily considered in other treatments of this subject, and not altogether well 
understood.  However, a case could clearly be made for the importance of these 
peripheral phenomena on the more central concerns of United Way officials and 
member agencies. For example, transactions between givers and other givers (A11),  
or between beneficiaries and intermediaries (A32) are not questions that ordinarily 
raise much interest in human services circles. Likewise, in an age of greater concern 
the relationship between clients and givers (A31) is also on worthy of further 
consideration. And any of these might offer pathways to new funding inputs and 
service outputs for local human services. However, as noted previously, the cell 
most worthy of immediate consideration is A22 – and in particular, the connections 
between member agencies and the United Way and other financial intermediaries. 
The input-output matrix model shows promise of providing greater insights on all of 
these questions.  
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III. Matrix Mathematics 
A two-fold case for the potential usefulness of matrix analysis in social planning 
is based on the conceptual possibilities which arise from viewing entire economic 
systems rather than individual social agencies, as the basic units of analysis, and 
from the sophisticated prediction possibilities that arise from the application of 
matrix mathematics to the study of the structure and dynamics of these complex 
units.  
A principal consideration in the ultimate utility of matrix analysis in social 
planning, however, rests in the selection not only of appropriate formulae suitable 
for disclosing various characteristics of the human services economy but also of the 
selection of appropriate research methods (See Appendix B for some examples.) As 
practiced in contemporary econometrics, the mathematics of input-output analysis 
are broad, far-reaching and highly sophisticated; they are also, as noted above, 
inductive and empirical. Most social planners have neither the educational 
background for sophisticated economic analysis, nor sufficient interest in economic 
theory to develop such an adequate background. More to the point, many of the 
equations used in input-output economics are explicit derivations from the semantic 
model of economic theory, and particularly from macro-economics.  
Some of the principle equations dealt with by Leontief and others solve for 
measurements of standard economic concepts such as total employment, imports 
and exports, final demand by households and the price of produced goods. It is 
doubtful that there are empirical referents for these concepts in the present study. 
Even more importantly, the relevance of these economic concepts to the range of 
known human service planning issues is unclear. Thus, application of matrix 
analysis in social planning is dependent on a somewhat different approach 
grounded in social research, and in particular, the methodology known as 
operational definition. That is, we will work with the already identified semantic 
model of a human services economy and seek to operationally define key aspects of 
the structure in mathematical terms. This approach involves defining a problem, 
identifying the key entities and their critical values (“variables” in the language of 
social research) and elaboration of a system of quantitative measures or indicators 
of those variables within the constraints of the semantic model and the conventions 
of matrix algebra. This method it should be noted, is entirely consistent with the 
empirical, inductive thrust of input-output economics as originally described by 
Leontief.  
Thus, even though the origins of this approach are in input-output economics 
and the semantic model identified in the previous section is termed a local human 
services economy, the approach taken here is not what most authorities would 
identify as an economic one. It is for this reason that the approach taken here is 
labeled input-output analysis and not input-output economics. With these basic 
notions in mind, we can now proceed to identify and enter appropriate critical 
values, identify an assortment of relevant measures and subject the resultant data 
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matrix to conventional mathematical procedures, as identified below.  Before doing 
this, however, a few comments about the mathematics of matrices are in order.  
Matrix Algebra 
Matrix algebra is a mathematical discipline concerned with the operations that 
can be performed upon arrays of numbers organized as matrices consisting of rows 
and columns. Generally, all such matrices can be added, subtracted, or multiplied in 
much the same manner as “scalar” quantities (e.g., 2+2=4). In addition, matrix 
algebra includes a number of unique operations. Of particular interest, for use in 
social planning, are procedures for the computation of an “inverse matrix” (which, if 
one exists, is unique to the original matrix from which it is computer) and a 
“determinant” (which is a single, scalar quantity indicating the “total value” of the 
matrix. This latter, single scalar value, for example, would seem to be a useful 
measure of the total value of the local human service economy identified in the 
previous section. The inverse of a matrix is roughly analogous to a conventional 
algebraic inverse. It is computed by multiplying a matrix by its identity matrix of 
the same order (that is, with the same number of rows and columns). An identity 
matrix has the somewhat peculiar characteristic of having 1’s in all of its diagonal 
cells, and 0’s in all of the other cells, as in Figure 4 below. 
Figure 4. Identity Matrix 
1 0 0 
0 1 0 
0  0 1 
 
The general formula for the inverse matrix is:  
 
AI = A1 
 
Where A is a matrix, I an equivalent identity matrix and A1 the inverse matrix.  
There are a number of additional conventions of matrix algebra which will be 
used throughout the rest of this study; which the reader unfamiliar with matrix 
algebra may find useful to list here. In the previous section, we identified the 
various cells with a letter and number system (A11 through A44). This is 
conventional input-output notation. The letter refers to a particular matrix, the first 
number of the subscript to the row and the second to the column of that matrix.  
This notation system is useful not only in naming and identification of specific 
cell locations. It is also used in the construction of formulae, as already noted above. 
Thus, should we desire to add two entire matrices, A and B, the procedure could be 
referred to in equation form as: 
 
A + B = C 
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C in this case refers to the new matrix formed by the sums of the values in the A 
and B matrices (which would, by definition, have to be of the same order – have the 
same number of cells in each row and column. 
Solution of equations in matrix algebra is often not possible at this level, 
however, and it is frequently necessary (as in the following example) to state an 
entire set of additions, subtractions or multiplications as a system of simultaneous 
linear equations. This can be demonstrated as follows: 
 
Let A equal a 2 x 2 matrix: 
 
A11  A12 
 
A21  A22 
 






And let A = B. 
 
The equations in full array would be stated thus: 
 
A11 + A12 = B11 
 
A21 + A22 = B22. 
 
In this same vein, let A equal the five by five matrix shown in Figure 5. 
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Figure 5 
Structure Matrix of a Local United Way Economy  
With Two Disaggregated Intermediary Sectors  
 
 
 Givers Intermediaries Beneficiaries Total 
Inputs To United Way Member 
Agencies 
Givers A11 A12 A13 A14 A15 
Intermediaries United 
Fund 
A21 A22 A23 A24 A25 
Members A31 A32 A33 A34 A35 
Beneficiaries A41 A42 A43 A44 A45 
Total Outputs From A51 A52 A53 A54 A55 
 
Each of the cells can be interpreted thus: “Cell A23 is the output from the United 
Fund to member agencies” or the equivalent statement, which is  “Cell A23 is the 
input to United Way member agencies from the United Fund.” All of the other 
matrices presented below can be interpreted in a similar manner. 
 
In order to facilitate this discussion, we can convert this six by six matrix into  
equation form: 
 
Figure 6. Simultaneous Linear Equations  
To Determine Total Inputs 
 
A11 + A12 + A13 + A14 = A15  
A21 + A22 + A23 + A24 = B25 
A31 + A32 + A33 + A34 = B35 
A41 + A42 + A43 + A44 = B45 





Figure 7. Simultaneous Linear Equations  
To Determine Total Outputs 
 
A11 + A21 + A31 + A41 = A51 
A12 + A22 + A32 + A42 = A52 
A13 + A23 + A33 + A43 = A53 
A14 + A24 + A34 + A44 = A54 
A15 + A25 + A35 + A45 = A55 
 
By substitution of known values into such equations and ordinary algebraic 
solutions for unknowns, we are thus able to solve highly complex problems . Such 
solutions of simultaneous linear equations is the basis of the use of input-Output 
economics as a planning and forecasting tool in econometrics and presumably, is 
also of great interest here.  
Another set of mathematical operations is also of interest here. This operation is 
one of simple algebra and is concerned with the identification of meaningful ratios 
from cell by cell comparisons. The resultant parameters may be interpreted as 
indicators of independent dimensions of the human services economy as a whole. As 
such, they have important uses for description of such economies as well as 
comparisons over time and between economies. It should be noted that many of the 
parameters are similar to measures currently used at the agency level already. And 
a few are in use as system-wide measures., although such system wide measures 
are still relatively rare. In part, derivation of these measures from the matrix can 
be seen as a test of their logical consistency. Because they are less complex, we will 
deal with the parameters of the human service economy under study first.  
Three points should be kept clearly in mind at all times in the following 
presentation. The first is that measures such as these are only as good as the 
available data. The second is that these are indicators of relationships within the 
human services economy as a whole and should not be interpreted as evaluations of 
the performance of any individual or organizational unit. For example, an 
unusually high (or low) ration between initial giver inputs and final outputs to 
clients cannot automatically be credited to – or blamed on – the actions of anyone or 
group within that economy without further evidence. Thirdly, because there are no 
clear cut standards or zero-points for the ratios produced in this manner, they are 
necessarily of greatest significance in comparative context.  
Each of these parameters has been given a name which appears to correspond 
with its measurement function. It should be remembered, however, that in all cases, 
these names are principally labels attached to the operation defined by the relevant 
ratio.  
The first ratio of interest is a measure of the efficacy of the United Way 
allocations system as a whole. The term efficacy, which means the power to produce 
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a desired effect, is chosen here, in place of more conventional references to 
“efficiency” because it refers directly to the process involved: The purpose of raising 
money through the United Way network is to distribute such funds to United Way 
member agencies for the delivery of services to clients, who are the ultimate 
beneficiaries. Thus, an estimate of the proportion of the total funds raised by the 
United Way that is ultimately “passed through” to member agencies is, indeed, a 
measure of the United Way’s power to produce this desired effect. For this study, we 
will make the assumption that Other Intermediaries, the fourth row (B4x) and the 
fourth column (Bx4), refer only to United Way member agencies.  
 
Figure 8. The Efficacy of Gifts to United Way 
 Distributed to Member Agencies 
 
      A24 
_______________________________       
      A12 
 
By dividing the funding received from all givers to the United Way by the 
intermediary output from United Way to its member agencies, we do indeed have 
an estimate of the efficacy of the United Way system. A comparable efficacy 
measure might be introduced, in this case, for such “pass through” funding for any 
other financial intermediaries chosen for study. In this case, although the 
Community Foundation is shown it did not yet exist in 1976 as noted previously. 
This ratio is an important indicator of what is likely to be a key feature of any 
human service economy. By refocusing and renaming this crucial indicator – which 
is often termed administrative cost or efficiency – we can focus on the important 
measure of how much of the original funding from givers gets through to the 
agencies charged with delivering services without dealing with the distracting 
issues of the need to measure administrative cost or efficiency which have proven so 
elusive to measure. Similarly, we might extend this same criterion to the ultimate 
beneficiaries or clients of service delivery. By comparing the values from two other 
cells, we can, in fact, estimate the proportion of funds given by givers through the 
United Way system that were received by agencies and, ultimately, the proportion 
that went into actual service delivery. 
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Figure 9. The Efficacy of Gifts to United Way 
In Agency Services to Beneficiary Services 
 
      A24 
_______________________________       
      A12 
 
 
Figure 10. The Efficacy of Grants From Other 
Intermediaries to Beneficiary Services 
 
      A33 
_______________________________       
      A34 
 
 
The same logic can be applied to any of the matrices shown here (A-E) to 
estimate similar measures of the efficacy of funding that originates with any other 
intermediaries and is distributed to United Way member agencies and ultimately 
results in service delivery. Thus, in Figure 11 below, the efficacy of each of the 
intermediaries can be determined in the same manner with these equations: 
Another ratio of interest has been termed the productivity parameter in this 
case, rather than comparing United Way revenues with expenditures for agency 
appropriations, we can compare those same revenue inputs with direct agency 





In the first case, the United Way productivity ration represents the total 
proportion of campaign receipts converted into direct benefits to clients while the 
productivity ratio for the economy as a whole represents the ratio of all initial 
inputs from givers to all outputs to clients from agencies. Again, comparability 
between these two indicators should be both interesting and revealing. It is not, 
strictly speaking, accurate for example to conclude that one of the revenue inputs to 
agencies – United Way allocations “produced” the others in any significant sense.  
United Way campaign inputs and other cells of the matrix may also be useful. 
For example, comparisons between United Way grants to agencies and other, 
similar contributions to those same agencies might be instructive. The guiding 
equation here is as follows (where R equals what might be termed the Alternative 
Funding Indicator:  
 
A12 + A13 = R 
 
This might most readily be stated in percentage terms, with R equaling 100 
percent. Another related measure here is what might be termed the Charity Service 
Index. By comparing A12, A13 and A14 in turn with A15, for example, one gets a 
relative estimate of the proportions of giving to agencies and directly to clients. 
Estimating A15 accurately will, of course, be a major measurement problem in most 
communities. However, survey sampling procedures directed at givers, clients or 
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both might allow accurate estimates of all of these measures. The guiding equations 
in this case are:  
 
 
A12 + A13 + A14 
A15 
 
In summary, more than half a dozen different ratios or equations of analytical 
significance for human service economies can be derived from the single example of 
comparing a single cell – inputs from givers – with other cells in the table, 
individually or in combination. Presumably other important indications might also 
be derived in this same manner. Rather than exploring the possibilities of each cell 
in such depth, however, it seems more expeditious at this point to merely state what 
appear to be a number of ratios with generally recognized significance.  
 
Based on the initial matrix (A) as shown in Figure 5, two related estimates of the 
economic impact upon clients of the human services economy should be possible. 
The least refined of these, the column total A55, gives a dollar estimate of all 
services devoted to services in the community.   It is also relatively straightforward 
to estimate from this the percentage contributions of each sector to the total. A more 
refined measure of this same phenomenon might be termed net impact measures, in 
which the dollar value of all contributions by beneficiaries (measured by the row 
total A54) is subtracted from Total Inputs A55, thus: 
 
A55 – A54 = J 
 
The resultant measure of economic impact (J) consists of two highly different 
components – direct contributions of goods or money and contributions of services. 
Nevertheless, this figure should be a highly significant estimate of the real 
economic impact of human services in a community and very useful for comparative 
and descriptive purposes. Further, as a key indicator of performance, it occupies an 
important place in the assessment of predictions derived using the input-output 
format.  
Another related indicator which might be termed the Kropotkin Index, in 
recognition of the author of Mutual Aid (1902) is a measure of the importance of 
mutual aid in a community human service economy. By comparing the value of cell 
A44 with the total value of column 5 (A55)  it should be possible to estimate the 
significance of organized services compared with neighborly helping or mutual aid 
in a given community. At this point, this is a largely theoretical measure because of 
the difficulty of measuring the extent of mutual aid activity occurring in the study 
community and, just as importantly, of monetizing that activity. Such an approach 
is premised on some ability to measure or estimate the economic value of neighborly 
helping – a not insignificant undertaking but currently beyond our capacity to 
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measure. Nonetheless, for purposes of understanding input-output analysis in social 






Another measure, that might be termed the centralization index, is a measure of 
the centralization or decentralization of decision-making within the human services 
economy as a whole. The extremes between which human services vary on this 
dimension can be represented by the service delivery bureaucracy on the one hand 
and a market-like economy of small agency entrepreneurs on the other.  The 
measure of centralization here is only a proxy of this dimension, but if we can 
identify fee collections (A43) as a percentage of column 3 (A53) we have one such 
proxy.  In general, the lower this percentage the greater the degree of likely 
centralization. To correct for this inverse relationship, this measure might be 
adjusted as follows:  
 
1 - FC 
     EC 
 
 In this way the percentage will be stated in terms such that the larger the 





Another measure that might be identified could be termed the internal 
redistribution ratio. This is a measure of the value of funds that are re-handled a 
number of times between givers and beneficiaries – primarily by such means as 
grants between parties in the human services economies or third party contracts. 
Internal, in this case, refers to transactions among United Way member agencies. 
A final ratio for consideration here can be termed the break-even ratio because it 
compares in general terms the resource distribution of Unit Way allocations with 





To make this ratio truly useful, may require some additional analysis of the time 
lags involved:  A23 as identified here would ordinarily be a measure of total surplus 
revenues from member agencies from previous years while A32 would be a reflection 
of disbursements during the current year. Therefore, it may be more appropriate to 
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use this ratio with data from previous funding periods. However, the concept of 
incremental budgeting, which has been widely used in human services economies, 
would seem to make some rather simple adjustments to this ratio possible to 
compensate for the time lag problem. For example, if there is a known two percent 
annual growth rate, one such adjustment might be to add two percent to the divisor 




A23 + (.02*A23) 
 
Two additional parameters not express as ratios would also appear to be of some 
significance here. One of these can be termed the total community human services 
effort, or community giving index and would represent the sum of all giver inputs as 
follows: 
 
A12 + A13 + A14 + A15 = CGI 
 
 
Further, by dropping the last terms in this equation (direct charity to clients) we 
have what might be termed the formal human services index: 
 
A12 + A13 + A14 = FHSI 
 
The last part of this section is devoted to the task of setting forth three basic 
equations to conduct three matrix manipulations: computation of the determinant 
of the matrix; construction of an input coefficient matrix comparable to that used in 
Leontief’s input-output economics as a structure matrix; and inversion of the 
coefficient matrix.  
The first manipulation that suggests itself in this context is a determination of 
the total product of the human services economy in question; that is, an estimate of 
the total value of goods and services produced by this network of human services. 
Such an estimate, of course, will be different than the total inputs, because it takes 
into account not only the value of the services to clients, but also the economic value 
of other intermediary services and goods exchange transactions that occurred 
elsewhere in the economy. At first glance, the reader may be tempted to take the 
column totals or row totals (which should be identical) to represent this total 
product. Such a figure is quite inflated, however, since it measures all exchanges 
several times.  Based on the experience of input-output economics a more suitable 
measure of the total product of services produced might be arrived at  by using the 
determinant of the matrix – roughly translated as the scalar or single integer whose 
numerical value is equivalent to the system of equations in the matrix.  
Matrix inversion can be defined as the procedure by which a matrix (A) is 
multiplied by another matrix to yield an identity matrix (I). An identity matrix has 
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the special characteristic that al of its cells are zero except for the diagonal (I11, I22, . 
. . Inn) which is valued at 1,1,1. Thus we write:  
 
A = B-1  or	AI	=	B						
 
Since the two matrices A & AA are inverses of one another, it follows that the 
inverse of a matrix if it has one, is unique to that matrix. Thus, the inverse of a 
matrix of a human services economy would be a useful vehicle for making 
quantitative predictions based on the structure of the human service economy that 
we identified empirically in the initial data matrix. These predictions, further, can 
be expected to hold as long as the structure holds.  
Leontief never successfully identified an inverse of the U.S. economy directly 
from the data, however. Rather, the team computed an intermediary matrix of 
input-output ratios which assessed the total value of inputs to a given sector 
represented by the outputs of another sector. Conceptually this is represented by 
the general equation: 
 
Axy = Zxy 
          Zy 
 
Where A is the quantity of the output of sector x absorbed by sector y per unit of 
y’s total output; Zxy is the amount of the product of sector x absorbed by y and Zy is 
the output of sector y.  
Literally then, this procedure allows us to trace, with some precision, the flow of 
dollars through the human services economy. We may conclude, based on these 
ratios, for example, that every dollar contributed to United Way results in X cents 
in allocations to agencies, which then convert them into y dollars of services. 
Conversely, starting at the other end, we can observe that every dollar of services 
delivered by United Way agencies is supported by P dollars of United Way 
contributions. 
When the coefficients system produced in this manner is combined with the 
matrix inversion, strong prediction possibilities are revealed. For example, it 
becomes possible to estimate the impact upon each of the other sectors of the kind of 
new resources in the other intermediary sectors represented by a new public 
program, such as Title XX was at the time of the original study. Further, it is 
possible in this way to predict the combined impact of various combinations of 
changes (such as increases in United Way contributions, erased public sector funds, 
and increased fee collections by member agencies).  
(Note: The paragraph immediately above is particularly prescient in light of the 
dramatic cuts in public funding and other transformations (such as a massive shift 
to purchase of service contracting) of human services that began just a few years 
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later. In fact, tracking these changes with matrix methods may provide the strongest 
rationale available for the matrix analysis as a planning tool outlined here.) 
Conclusion 
In this section, the mathematical dimensions of matrix algebra underlying 
input-output economics and sociometry have been reviewed briefly and discussed, 
as they relate to human service economies. Several interesting mathematical 
formulations were laid out in this discussion. First, the possibility of a ratio analysis 
approach to estimating certain critical parameters of human service economies was 
set forth and discussed. A number of ratio measures of the efficacy, productivity, 
alternate funding ratios, charity-service index, net fiscal impact on clients, a 
measure of mutual aid, centralization, redistribution and a break-even ratio were 
set forth as possible parameters. All of these parameters are listed below in 
Appendix A. 
It should be noted at this point that these are mere suggestions. Before any of 
these ratios can be meaningfully employed as parameters of a human service 
economy, a substantial amount of additional investigation is necessary. Two issues 
in particular merit further consideration. One of these is the question of the 
construct validity of these measures. How closely, for example, do the measures of 
efficacy and productivity cited here match conventional economic and 
administrative science approaches to those concepts? Secondly, there is the 
important  methodological issue of data collection and instrumentation Measures of 
mutual aid and the charity service ratio, in particular, involve the derivation of 
monetary values for dimensions of human services economies not presently 
encompassed in most standard investigations or data collection efforts. Some 
considerable attention will now need to be given to issues of how one might 
meaningfully determine the economic value of charitable efforts or of mutual aid 
among clients in community meetings. One might hazard a guess that the kind of 
survey research procedures employed in consumer research might be meaningfully 
employed here.  
(Note: As detailed in the revised human services economy below, two 
developments since this original study have considerably simplified the tasks of 
modeling and data collection outlined here. At the time of the original study, it was 
still standard economic practice to see donations, nonprofit services and other related 
practices as forms of consumption. The first is the elaboration of a genuine nonprofit 
economics underlying the key assumption that human services agencies are involved 
in genuine economic production. At the same time, through web sites such as 
Guidestar, the Foundation Center, and most fundamentally, the Internal Revenue 
Service, have made comparative mountains of data available that were not readily 
available in 1976.) 
The second principal topic under investigation herein this section is the use of 
matrix algebra in manipulating a basic data matrix. Borrowing from the Leontief 
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input-output approach, it would appear that several basic procedures have 
particular applicability  to human services economies. These: 
 
1. Establishment of a basic matrix and a corresponding set of linear equations 
through data collection and estimation procedures.  
2. Investigation of specific ratios and special formulae. 
3. Computation of a structure matrix or input co-efficient matrix using 
conventional formulae. 
4. Computation of the inverse structure matrix that forms the basis for 
predictions 
5. Computation of the matrix determinant that represents a measure of the net 
product of the economy under investigation.  
6. Development of prediction equations suitable for use with the matrix and the 
accompanying system of linear equations.  
 
In the following pages of this study, we will turn to each of these important 
questions in turn, investigating in sequence the implementation of each of these 
steps for the human service economy defined above. This investigation will begin in 
establishing quantitative values for each of the cells in the five-by five cell table 
presented above. 
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Matrix Analysis in a Mid-sized Community 
In an effort to test the matrix model of a human services economy set forth 
previously data on the revenue and expenditure patterns of a local United Fund and 
United Way member agencies were collected din Knoxville, Tennessee, at the time a 
medium-sized metropolitan area in the southeastern United States. Note that for 
the remainder of this study, the entity at the core of this study will be referred to as 
the United Fund and the system as a whole – United Fund and the associated 
member human services agencies – will be referred to as the United Way. 
Although this community was selected primarily because it is readily accessible 
to the author, there are several features of the community of interest to this study. 
First, the United Way operation in this community is moderate in size. There were 
28 member agencies at the time of the original study, and at the time of this 
revision about 50. This makes data collection a reasonable task for a single, 
independent, non-funded researcher. Secondly, officials in the United Fund 
indicated an interest in cooperating in research ventures of this type, and therefore 
it was not necessary to “sell” this research design to them. Such persuasion could 
have been very difficult in the contemporary human services field where 
mathematical modeling and analysis are often viewed with suspicion. Finally, 
because of accessibility to the community, I was able to keep checking back as 
necessary to incorporate additional data items.  
The study community was, in 1976 a metropolitan area with a total population 
of 400,000 to 500,000 population, about half residing in the central city and the 
remainder in an unincorporated suburban fringe usually identified as “the county”. 
As is the case with a number of other urban areas in the southeast, personal income 
in the entire metropolitan region has risen rapidly in recent decades, as have 
recorded educational, occupational and employment levels.  
There were also by 1976 at least two decades of recent increases in the number 
of both public and nonprofit human service organizations in what was still known 
then as the “voluntary sector” and is now generally known as the nonprofit sector. 
Voluntary and public service in the metropolitan area had been augmented by 1976 
by a decade of federal social grant programs associated with the Great Society era. 
Public expenditures for human services in this community, like many other 
communities in the South and Appalachia were, at the time, markedly restricted by 
limited state matching revenues and the study concluded there was little likelihood 
of change, due to heavy reliance by the State of Tennessee on an excessively 
regressive sales tax system (Commission, 1975).  
Within this community, the organized United Way network is a particularly 
significant aspect of the local human services economy for two reasons. First, the 
long term economic conditions of this Southern Appalachian community have meant 
that the type of philanthropic community foundations that support significant 
portions of the human services system in many American communities were, at the 
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time of the original study, by and large absent in this particular metropolitan 
region. The reader of the revised model introduced below will note that this 
situation has changed significantly in the four decades since the original study. The 
nonprofit sector, including a relatively large number of financial foundations, has 
grown significantly since the time of the original study. This change has important 
implications for available data for the model and for the elaboration of that model.  
Secondly, also of importance to the original study was the fundamentalist, Bible 
Belt context of the community, which at the time of the original study had tended, 
as it had in many other Southern communities, to retard the growth of 
denominational human services efforts.  
In 1974, the latest year for which data was available at the time of the original 
study, the United Fund annual fundraising drive in the Knoxville metropolitan area 
yielded pledges of $1,813,769. Of this figure, $1,667,051 in general and designated 
contributions were received, with an additional $44,833 in public support to the 
United Fund from interest earned and miscellaneous other sources were reported. 
Thus, the total of funds available for allocation was $1,711,884. Of this figure, 
$1,427,117 was allocated directly to United Way member agencies (United Way of 
Knoxville, 1975). The United Fund in this community has a policy of one-time 
allocations that all of this money is treated as “fresh” rather than recirculated funds 
unspent during previous periods (Music interview, 1975) In addition, $267,892 was 
expended by the United Fund for various supportive services and $,607 was 
withheld in an excess-reserve fund for future allocation.  
Detailed examination of the expenditure reports of a sample of member agencies 
suggests that: 
1. The importance of United Way revenue to member agencies is highly 
variable. They range from only about one percent of total income in the 
largest agencies to nearly 100 percent in the case of the smallest of them.  
2. Member agencies consistently reported virtually complete expenditure of 
their funds to United Way. Thus, for purposes of this study, we will assume 
throughout that funds received from the United Fund were fully expended by 
the agencies.  
Two private, nonprofit agencies with annual operating budgets of roughly one-
half million (1975) dollars and one million (1975) dollars respectively received 
between one and two percent of their operating funds from the United Fund. Five 
other agencies received from 90-99 percent of their budgets from the same source. 
In all five cases, the total budgeted expenditures involved were under $30,000. The 
remaining agencies are distributed in between these two extremes. Table 5 shows 
the distribution of United Way contributions for all agencies. 
Almost no data was available at the time on the income and expenditure 
patterns of non-United Way agencies in this (or any other) community. Although 
the state law governing not-for-profit corporations in Tennessee at the time 
expressly mandated financial disclosure requirements, agency administrators here 
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and elsewhere in the state have traditionally resisted such “revelations” in practice. 
In fact, at about this time, in an interview I conducted with the long-time 
administrator of the Chattanooga, Tennessee United Way I learned that, up to that 
time United Way member agencies in Chattanooga were always told only of their 
own allocations. They were never told of allocations to other agencies, and were, in 
fact, actively discouraged from trying to learn the amounts of those allocations. 
“That knowledge,” the administrator told me at the time, “would only cause hard 
feelings.” Thus, it was necessary at the time of the original study that most of the 
data on non-United Way agencies was based on estimates and projections from 
national data on philanthropy and human services expenditures available at the 
time. 
The analysis is set forth in three stages. The first involves fitting actual, 
available hard data like that noted above to the matrix, and the elaboration of a 
variety of estimating procedures for filling the empty cells with estimates. In the 
second stage, the significance of various ratios like those set forth above will be 
discussed. As suggested, these parameters offer a comparative basis for comparing 
the study community to others although the fact that this is a siege community 
study precludes such comparison here. Finally, we will enter very tentatively into 
the world of matrix algebra for the final step of the analysis 
Data Sources 
One of the principal questions of feasibility regarding the potential uses of input-
output analysis in social planning is the question of the available data. In the 
original development of the input-output model in economics, Leontief and 
associates spent several years and a large amount of money in order to identify and 
collect appropriate data. As a result, the question of data availability and suitability 
are very real in the matrix analysis setting.  
Actually, this question of data availability was one of the principal 
considerations in the development of the model outlined above for human services 
economies. Preliminary analysis conducted by the author suggest that, by the very 
nature of human services accounting and financial reporting practices, data on 
agencies (termed intermediaries in this model) are more readily available than data 
on either givers or receivers in the population. This tends to have a marked effect 
upon the analysis, which can be partly overcome by certain estimating and 
adjustment procedures. For example, Table 1 below, shows the actual amount of 
hard data; that is information that is authoritative, readily available and 
reasonably free from measurement error. As the reader can plainly see, such 
information alone is not sufficient to construct an input-output analysis, since 18 of 





With the local human services economy with the United Fund at its center, this 
data is presently available in a variety of forms from the United Fund and from its 
individual member agencies. In general, the annual reports of agencies to the 
United Fund and to the public are the principal sources of data on this subject. In 
addition, it is possible in some instances to gain access to reports submitted by the 
agencies to the United Fund; a part of the UWASIS information reporting system in 
the community served (United Way of America, 1976; but see also Gibson, 1986). 
This latter source has considerable usefulness for analyses that are seeking greater 
detail than that used here, since it enforces a standardized, categorical reporting 
system upon what has been a mélange of inconsistent data.  
Other data regarding a community human services system are available from 
various public sources. For example, the largest item in most community is the 
category of inputs from other intermediaries to other, non-United Way member 
agencies. Ordinarily, this information can be gathered from various public sources. 
Particularly significant in this instance are the reports of FIXES (Federal 
Information Exchange System) and reports of the Office of Management and 
Budget, on federal grants made to a particular community. From this and other 
information sources, the analyst should be able to visually sort out those that are 
human services in nature and those that go to other non-human services sources.  
Estimates 
This still leaves a reasonably large number of cells empty, however. Some of 
these cells can be filled using various estimating procedures In summary, the study 
of the Knoxville United Way human services economy, the following estimating 
procedures were employed: 
If it can be assumed, as it is here, that contributions by givers to other non-
United Way member agencies and intermediaries are roughly in proportion to 
similar contributions nationally, a relative straightforward estimating procedure 
can be employed. That is, it can be assumed that the ratio of United Way 
contributions to total (non-tax) contributions is approximately the same as the ratio 
of United Way to total contributions nationally. Thus:  
K   = N 
J U 
 
Where K is the community contribution to United Way, J is the total human 
service contributions in the community, N is the total National United Way 
contributions for the same period and U is the total philanthropic contributions to 
human services estimated by the Internal Revenue Service Since K is already 
known, and N and U can be readily determined (The Statistical Abstract of the 
United States was one of the few standard sources available in 1976). It is a 
relatively easy matter of solving for J b the following formula: 
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J = K x U 
      N 
 
Similarly, the dollar value of services to clients of United Way agencies, as well 
as clients of other intermediaries can be estimated by using estimates of the 
percentage of United Fund appropriations actually going into services and 
projecting this, in turn, to total agency expenditures and to non-United way agency 
expenditures. Certainly, a cautionary note must be sounded with this and the 
previous estimate. These are estimates only and should be viewed with an 
appropriate amount of health skepticism and a cool analytical eye. However, such 
skepticism is not synonymous with completely overlooking them, and in the absence 
of other available data, such estimates can serve our purposes. 
This procedure consists of three distinct steps: 
1. Deriving from United Way or directly from standard UWASIS forms, an 
estimate of the percentage of UW allocations going into direct services. This 
figure is equal to 1 minus the percentage of administrative or “overhead” 
costs. 
2. Applying this figure to the total inputs to United Way agencies (A12). The 
resultant figure is then added to cell (A25). 
3. Applying this same percentage to the total inputs of other intermediaries 
(A13). The resultant figure is entered in cell (A35). 
In most circumstances these two figures together will be the total output to clients, 
since present estimating procedures do not exist for estimating the values of the 
charity (A41) and mutual aid (A11 and A44) cells directly as noted. Furthermore, by 
the nature of the Internal Revenue Service figure employed, it is very likely that the 
values of these cells are in fact hidden in the estimated value of A15 derived by this 
approach. Therefore, the estimation procedure would probably have to also include 
some way of subtracting from A15. 
Many of the figures noted immediately above can be readily incorporated into 






Contributions as a Percentage of Total  
Revenues of Member Agencies, 1974 
 
Arthritis Center 97.10 
Boy Scouts 27.32 
Boy’s Club #1 60.62 
Boys Club #2 44.19 
Family Service Agency 27.75 
Settlement House 77.23 
Association for Retarded 12.45 
Urban League 65.76 
Nursery School #1 07.39 
Nursery School #2 38.54 
Mental Health Center 01.89 
Planned Parenthood 85.83 
Rehabilitation Center 01.89 
Children’s Rehab. Ctr. 60.46 
Florence Crittenden 18.88 
Girls Club 08.95 
Mental Health  Assn. 84.08 
Poison Control Center 99.86 
Salvation Army 27.40 
Girl Scouts 31.90 
Travelers’ Aid 92.58 
Cerebral Palsy 91.67 
 




Table 1. Output Matrix 
 
 Givers United Fund UW Member 
Agencies 
Other Intermediaries Clients 
Givers Mutual 
Aid 
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Table 1 requires some additional explanation. It is a further elaboration of the 
concept of a human services economy and intended to show the outputs from the 
categories listed vertically on the left to the categories listed horizontally across the 
top. The standard notation system suggested above is used to discuss this. Thus, the 
matrix itself is designated Matrix O (for Outputs) to differentiate it from any of 
those presented elsewhere in this study. The cells with the values Mutual Aid are 
O11 and O55. Several cells (one in Row 1 and two in Row 5) are designated Null here 
only to suggest that in this case there are no meaningful or relevant data to include 
in those cells. The reader should bear in mind that this is more a matter of 
practicality than an ultimate judgment. It may be possible, in some future study, for 
example, to extend the principle behind the use of United Way Fund Raising Costs 
as outputs from United Way and its member agencies to clients. This follows from 
the tri-parte cost distinction introduced in the nonprofit accounting standards first 
introduced about the time of the original study. This has required human service 
agencies and other nonprofits since that time to distinguish between 
administrative, fundraising and program costs (See Lohmann, 2016, pp. ) 
The term Public Support used in Cells O12, O13 and O14 was not in widespread 
use in 1976 and I was unfamiliar with it at the time. It was introduced in the 
United Way Accounting and Financial Management Guide (United Way, 1974) and 
has come into widespread use since then.   
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Note that the value that makes most sense in the current moment for Cell O24  is 
labeled Designated Contributions and refers to restricted donations that the annual 
United Way campaign has accepted in the name of other, non-member agencies. 
This is premised on the established legal doctrine that in cases where donations are 
accepted with such restrictions, those restrictions must be honored. Given the 
workplace giving character of the United Way business plan, the largest category of 
such restricted donations within the United Way system is likely to be gifts 
designated for other United Ways. This situation is most likely to arise in situations 
where workers live in one community and work in another, and wish to direct their 
contributions to their home community. I was not aware of this situation at the time 
of the original 1976 study, but gained considerable experience with it about a 
decade  later when I served several years as Treasurer of the United Way of 
Monongahela and Preston Counties, West Virginia, where such designations were 
relatively common across three to five United Ways, five counties and two states.  
The value entered in Cell O32 is labeled Unspent Funds Returned. In general, 
this cell will remain blank in the case under study, because as noted above, the 
United Fund of Knoxville has no rules mandating the return of unspent funds. 
Agencies are simply allowed to keep previous allocations and roll any unspent funds 
forward into the next fiscal year. Not all such financial intermediaries in human 
service economies will share this rather tolerant attitude, and in such cases,  
returned funds should be recorded here.  
Similarly, the value of other intermediaries’ public support to United Way 
member agencies can be estimated using the UWASIS reporting format. The bulk of 
this entry would come in the form of grants and contracts from public agencies (e.g., 
Title XX, Medicaid contracts,  etc.) and such financial intermediaries as community, 
company, family or general purpose foundations. 
 
Fitting Data to the Matrix 
Some of the figures noted above can be readily incorporated into the six by six  
human service matrix laid out in the previous chapter – with two adjustments. 
First, the Totals row and column are deleted from the form of the matrix shown in 
Table 2 for the simple reason that the data shown here are too incomplete for any 
totaling to be accurate or reliable. Secondly, in anticipation of the initial data 
available for the Knoxville community in 1976, the Other Intermediaries row and 
column shown in the original form of the matrix are here narrowed and restricted to 
federal grants for which some data was available. Further, the form of the matrix 
shown in Table 2 is designated Matrix D (for data).  
The total value of inputs to United Way from givers during the period (1974) was 
$1,667,051 as shown in cell D12. In that same period the United Fund made grants 
to member agencies totaling $1,439,385 (cell D23). Further, examination of financial 
reports to United Fund from its member agencies indicate that the agencies had 
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additional income from other (non-United Fund) sources totaling $2,031,799. This is 
reported in cell D13. Further, United Way reported an additional $44,833 in income 
from other sources (interest income on investments, etc.) as reported in cell D22. The 
last major piece of hard data available at the time of the original study is that 
agencies reported $1,426,140 in federal grants as reported in Cell D43. 
 
Table 2. Data Inputs for the Local Human Services Input-Output Matrix 





Givers  $1,667,051 $2,013,799   
United Fund   $1,439,385   
U.W. Agencies      
Federal Grants  $44,833 $1,426,140   
Beneficiaries      
 
Empty Cells and Block Models 
One of the things that should be clear from the data inputs shown in Table 2 is 
that most of the cells in the initial data matrix in 1976 were empty. The reasons for 
this are clear in retrospect: At the time of the initial study, the design of the input-
output matrix, however theoretically grounded, sensible or intuitive far exceeded 
the paucity of data actually available for the human service economy in this more-
or-less typical representative community.  As discussed below, things have changed 
considerably since that time and much more data are available today in this 
community and nearly every other.  
Another interesting point that emerges from this initial attempt to fit date to the 
cells is that the unique structure of a local human services economy is determined 
only partly by the values which emerge in various cells of a data matrix. Also 
important are the unique patterns we can anticipate or expect to emerge with cells 
for which no data is available, but for which we can specify theoretically relevant 
information (as in Table 1).  Sociological research published at the time of the 
original study suggested the possibilities of a finite, limited number of 
“blockmodels” of the social structure of interactions in a human service economy 
(White, Boorman, & Brieger, 1976A;  White, Boorman, & Brieger, 1976B).  This 
possibility  can also be raised regarding the structure of human service economies. 
The absence or presence of data can be seen as indicators of the absence or presence 
of a relationship between sectors. Do national, community organizational or other 
identifiable human service economies display certain conventional or characteristic 
patterns in matrix form? It is very possible that they do, and that identification of 
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these standard forms could yield considerable insight on questions of the actual 
empirical structure of complex service delivery systems.  
Several cells in the six by six table shown in Figure 4 above have zero values by 
definition and for this analysis we will assume that the values of several others are 
zero as well.  For example,  A21 (inputs from United Fund to Givers) is zero when 
the United Way makes no contributions back to Givers. This would, of course, not 
be the case if we made the assumption noted above that some portion of  campaign 
fundraising expenses were “directed at” givers, but for now we will not make that 
assumption. The same may be said for A31 ( inputs from Other intermediaries to 
Givers).  In other circumstances, direct payments from either of these entities back 
to Givers could possibly be viewed as inappropriate, unethical and even possibly 
illegal self-dealing or even “kickbacks”. Further, since the United Funds is only 
involved with impacting clients indirectly through its member agencies, A24 can also 
be considered zero.  
And since we have indicated that the United Fund in question does not attempt 
to recollect or reallocate unspent funds from previous periods the value of A32 
(inputs to United from member agencies) can also be set at zero. In other situations, 
where such reallocations are considered or required  (as in the case of some federal 
grants) a value might be required here. That particular item would in such cases 
also be of considerable strategic and policy interest. In this case, A14 is set at zero 
simply because no existing evidence has been discovered of such transactions. 
Finally, the value of client inputs to United Way is also set to zero because such 
contributions are included in the Giver input cell (A12). Below we set forth an 
estimating procedure for sorting out such contributions from clients.  
As suggested, even in this primitive form the block model matrix offers a visual 
structural  model of a human service economy with some basic information on those 
sectors in which evidence of actual transactions can be  discovered and those in 
which it cannot. Further delineation of that structure can be accomplished by using 
X’s to mark off the four corner cells and the diagonal.  
It was quite clear from the earliest stages of the analysis that most available 
data regarding human services involves the revenue and expenditure patterns of 
organizations and agencies. Each of the four corner cells (client-client, client giver, 
giver-client and giver -giver) involve transactions apart from agencies, which were 
labeled on a previous table as mutual aid, charity and philanthropy respectively).   
Arbitrarily eliminating these cells from this particular analysis focuses attention 
directly on the organized service delivery system, leaving these other forms of 
caring relations out. It should be made clear that such an action is taken here only 
for tactical and pragmatic reason of data availability and an interest in focusing 
specifically on the United Way  system and not because of inherent disinterest in 
these cells. Indeed, to the extent that procedures for establishing values in such 
relations can be established, some very interesting conclusions regarding the whole 
picture of contemporary human service operations will likely result.  
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In the same vein, the diagonals of the matrix are arbitrarily eliminated from 
the analysis for the present. There are two possible justifications for this. First, it 
is a somewhat common practice to leave off consideration of the diagonal (in effect, 
the transactions within a sector) in many input-output analysis in economics for 
purely technical reasons.  For example, the U.N. document cited above concludes 
“Some input-output transaction tables exclude intra-industry transactions, so that 
all cells on the principal diagonal are blank. This method of counting net rather 
than gross industry output is justified on the grounds that the value of the 
diagonal element depends on the number of establishments within the industry.  
Nevertheless, if the appropriate value is recorded, no information is lost, and the 
element may easily be omitted from particular applications of the table if 
necessary.” (United Nations, 1975, p. 39) 
It is not immediately clear what the meaning of values in cells in the diagonal in 
a human services economy would be because the nature of intra-sectoral 
transactions are not clear. Transactions between givers, for example, might logically 
be extended to incorporate the entire national economy – and indeed represents the 
conceptual link between human service economies and general input-output 
economics. Under appropriate circumstances we might, for example, disaggregate 
the A11 cell (givers à givers) into the regional economy of the study community with 
no conceptual difficulty. Client-client interactions have already been discussed and 
eliminated. The remaining three diagonal cells might variously be valued using 
data for administrative costs, transactions between agencies in the same sector, or 
other similar data, all yielding potentially valuable information. Or, these values 
might also be left blank. In sum, setting these values outside the analysis 
temporarily calls attention to the need for further investigation and also avoids the 
possibility of costly or damaging misinterpretations of other results.  
Block Models and the Structure of Human Service Systems 
It is  appropriate at this point to discuss more extensively the modeling 
technique suggested above. Block models are matrices all of whose cells are valued 
to 1 to indicate the presence of a relationship between the intersecting entities, or 
zero to indicate that no measurable relationship exists. The technique has 
sociometric origins and several possible applications (Lohmann, 1978). Such block 
models offer an interesting means of establishing elementary structural models of 
the structure of human service delivery with some empirical grounding. For 
example, based on the presentation thus far, the corresponding block model of this 









(The totals row and column are deleted here and in the next instance since they 
reflect nothing on the actual structure.) Further, establishing estimates for the 









Such models have little intrinsic meaning. However, on a comparative basis, 
they may offer a practical and useful basis for empirically grounding theoretical 
musings about the structure of service delivery. The block model  so described are 
specific to the problem under consideration. Any effort to use this approach to 
generate standard models will, of necessity, face certain problems of generalizability 
which could only be resolved by reduction of these problem-specific models to their 
standard form (the three-by-three matrix). Likewise, the structure of a block model 
based on the hard data in Table 1 will be quite different than a block model based 
upon matrices developed below using various estimating procedures. However, this 
exercise has served to raise the issue of the potential applicability of block models in 
this context, and further consideration of this question would be diversionary. It 
should be clear by now that block modeling offers considerable potential for 
investigation of the empirical structure, and that it represents a key conceptual 
linkage between the levels of measurement of sociometroc and econometric 
approaches to matrices.  
Estimates of Cell Values 
On the basis of the data listed, a number of reasonable and interesting estimates 
can be derived for the remaining six cells. For example, an analysis by the United 
Fund in the study community suggested that 80.4 percent of all grants to agencies 
were converted into services to clients with the remaining 19.6 percent being 
absorbed by administrative and fundraising costs as well as such indirect benefits 
as public relations and education. This figure was an estimated average across a 
broad range of types of programs and services including intensive counseling and 
psychotherapy, education, income support, nutrition activities and a host of other 
dissimilar services. Therefore, we can reasonably extend this figure (in the absence 
of more accurate, reliable data) to all member agency expenditures A35. Then by 
applying this same figure to all intermediary revenues (A25 + A35) we can make a 
similar estimate for A45. But first we must establish a value for A13. We can do this 
by assuming that the proportion of United Way contributions to total private 
contributions in this city is consistent with the national average. Before 1976, the 
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Internal Revenue Service estimated annually the value of all private contributions 
based on actual figures from a sample of tax returns. For 1974, this figure was 
$1.76 billion compared to $915 million in United Way contributions nationally. 
Thus, United Way contributions nationally represented 51.9 percent of all private 
giving during that year. By applying this same ratio to the United Way gifts in this 
community, we can estimate that non-United Way contributions in the community 
during this period were $1,544,991.  
We can also make a further estimate of the value of A45 using the previously 
stated formula of 80.4 percent of revenues converted into services to beneficiaries: 
 
A14 x .804 = A45 
$1,544,991 x .804 = $1,242,272 
 
Two further estimates can be handled as internal transactions within the table. 
Cell A12 represents the input from all givers to the United Fund. Since that fund 
does not differentiate between those givers receiving services from its agencies and 
those that do not, presumably a portion of these funds reported in this sector are, in 
fact, from beneficiaries. And this is not necessarily a very minor consideration, as 
stereotypes about all human services being directed to “the poor.” For example, it is 
entirely plausible that a relatively wealthy local attorney or business person who is 
a recovering alcoholic under treatment by the community mental health center, and 
in gratitude for the services provided is a major donor to the campaign. (This 
example was purely hypothetical in the original, but is also, in fact, based on an 
actual example from another community that came to light after the original study 
was completed.)  
This possibility is significant for two reasons: First, if a procedure for estimating 
what proportion of giver revenues to United Way are actually from client-givers, a 
more accurate overall model can be obtained. More significant, however is that this 
is actually evidence of a kind of feedback loop present in this economy which might 
under some circumstances complicate the analysis considerably. This loop can be 
illustrated as follows: Givers make their contributions to the United Fund. The 
Fund allocates money to its member agencies. The agencies provide services to 
clients, who in turn, include some givers who gave earlier. Since presumably the 
funds given by clients are not completely unrelated to the fact of their receiving 
services, a reciprocal relationship is implicit here: The provision of more (or less) 
funds will mean more (or less) services  
(Note: One of the concerns with nonprofit organizations is the prospect for self-
dealing in which funds are provided in the expectation of a benefit received. The 
very processes and operations of the United Way however diminishes this 
possibility: Any gift to the United Way (including designated gifts) are subject to the 
allocation decisions of the United Way Citizens’ Review Committee – which has 
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different names in different communities. Because of the fungibility of monetary 
gifts, it is literally impossible to determine or track which dollars from which donors 
are delivered to which agencies. It is thus plausible to assume that every 
undesignated dollar donated to the campaign is subject to division among all of the 
member agencies on the proportionate basis established by the Citizens’ Review 
Committee. Designated gifts are routinely assumed to go to the designated agencies 
as part of the overall allocation to that agency. Only in the relatively rare case 
where a single designated gift earmarked for a particular agency exceeds the 
suggested allocation coming from the Citizens’ Review Committee is there even the 
possibility of a problem, and such cases, rare though they are, may require further 
review.  
Despite any other merits of the method under investigation in this study which 
have been detailed as the presentation unfolds, it is in analyzing this type of 
reciprocal, or interaction effects that the matrix analysis method may be 
particularly useful. We shall deal with this problem in more detain below in the 
context of the mathematical inversion of the coefficient matrix. However, evidence 
of such feedback loops should be regarded as evidence of the potential usefulness of 
matrix analysis for investigating human service economies.  
A second class of such feedback loops could also be anticipated between givers, 
agencies and beneficiaries in the non-United Way services monitored in this matrix 
by any of the other intermediaries cells.  Because most of the data in this analysis 
for those sectors were derived by estimates from United Way data, it is expected 
that these two feedback systems will behave very similarly through this analysis. 
However, independent estimating methods for those particular cell values would 
likely contribute to the ability to independently assess these feedback loops.  
Because there was no other practical way to estimate the value of contributions 
to United Way by givers who are also clients of member agencies, the figure of two 
percent was arbitrarily chosen. Thus, two percent of giver contributions (A12) was 
arbitrarily subtracted from that cell and placed in A42. A comparable two percent 
deduction was made from A14 and added to A44.  
The idea of sorting out the importance of client contributions as above also gives 
rise to the issue of the importance of client fees to agencies. As stated above, this 
item would be included in the total revenue inputs to member agencies (A35) along 
with direct contributions from givers, government grants, etc. If we could sort out 
fees paid by clients this item could be recorded separately in A43. Further, based on 
some meaningful criteria yet to be established, government grants might be divided 
among givers and other intermediaries. Thus, separation of Medicare, Medicaid and 
other third party payments from all other public funds might be accomplished 
operationally in this way, for example. At present, however, we will be content to 
simply separate out fees from other income. Reports to the United Fund from 
member agencies indicated that $853,646 in fees were collected by member agencies 
in 1974, so this amount is subtracted from A13 and added to A43.   
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All of these various estimates are shown in the matrix in Table 3. When 
combined with the previous figures, we have the more complete data set presented 
in Table 4, which will be the basis for all further considerations below.  
Table 3. Summary of Estimates for the Input-Output Matrix 
 







Givers 0 -$33,341 -$853,646 $1,544,991 
-$30,900 
 
United Fund  0  $145,725 $3,905,467 
U.W. Agencies  0 0   
Federal Grants    0 $1,242,272 
Beneficiaries  $33,341 $853,646 $30,900 0 
 
 
Table 4. Hard Data and Estimates of Inputs for the 
Local Human Services Input-Output Matrix 
 








Givers D11 $1,667,051 $2,013,799 $1,544,991 D15 $5,225,841 
United Fund D21 D22 $1,427,117 D24 D25 $1,427,117 
U.W. Agencies D31 D32 D33 $145,725 $3,905,467 $4,051,192 
Federal 
Grants 
D41 $44,833 $1,426,140 D44 $1,242,272 $929,079 
Beneficiaries D51 $33,341 $853,646 $30,900 D55 $917,887 
Total Inputs D61 $1,745,225 $5,720,702  $1,721,616 $5,147,739 $12.551,116 
 
Analysis of Raw Data Matrix 
 
Before proceeding to analyze the data contained in Table 4, let us look more 
closely. Interestingly enough, the matrix in this form yields a number of pieces of 
information about the human services economy of this community which are often 
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difficult to compute and yet often sought after. For example, we can estimate that 
the total value of all services delivered to beneficiaries in this community by all 
agencies during 1974 was $5,147,739. Further, we have estimated that clients 
themselves contributed $917,887 or  
Further, we have established empirically the existence of a number of links 
between the sectors of the human services economy These data make the case 
convincingly in support of intuitive judgment that human services agencies are 
linked together in a single “system.” With the exception of the six null-valued cells, 
these dollar flows appear to establish clearly the evidence of interaction between 
these sectors of this economy. And all of the six null-valued cells are also clearly 
part of the structure of this economy Since revenue flows originate with givers the 
three null values in the givers column seem appropriate and since United Fund is 
clearly an intermediary to its own member agencies, the null values in its row also 
seem appropriate. The final null valued cell (in D32) is the deliberate result of a 
policy decision by the United Fund itself.  
Table 5 
Computation of Parameters 
 
Parameter Value 
Efficacy Ratio (United Fund) 12.18% 
Efficacy Ratio (Human Service Economy 36.19 
  
Productivity Ratio (United Fund) 2.99 
Productivity Ratio (Independent Fund Raising) 22.53 
  
Alternative Funding Ratios  
 United Fund 61.5 
 Member Agencies 48.5 
  
Centralization Ratio 5.84 
  
Community Giving Index  
 United Fund 38.8 
 Member Agencies 26.55 




Previously a number of parameters thought to describe certain general 
structural relationships of the human service economy in general were identified. 
The following table shows the specific solutions to the majority of these ratios in the 
study community. Six ratios were not computed because of reasons show in Table 5 
immediately above – primarily duplication with other ratios and insufficient data.  
Community Welfare Index is not computed in this case because it is identical 
with the Community Giving Index in those cases where no giver-client transactions 
(D15) are recorded. 
The following five ratios were not computable in this case because of insufficient 
data:  
Charity Service Index 
Client-Impact Index 
Net Client-Impact Index 
Internal Redistribution Ratio 
Break-Even Ratio 
 
We can establish directly by the first of the indicators in Table 3.5 that the 
overhead costs of operation of the United Way campaign are about 12%. For 
purposes of comparison, we can also establish that according to these estimates the 
overhead cost of the entire human services economy, including United Way, 
consume over one third (36%) of the total inputs. Since United Way itself is a part of 
the overall economy, we can predict from these parameters that other elements of 
the economy appear to be operating at a considerably less effective levels than the 
United Fund, although we cannot establish directly from these data where those 
less “efficient” producers of services may be within the economy.  
A second issue worthy of further consideration is the question of the normalcy of 
these two parameters. How do they compare as norms with comparable figures in 
other communities and nationwide? In the past, very little attention has been 
directed to such questions in human services, and yet such attention would appear 
to be warranted.  
The second set of ratios presented in Table 5 are the productivity ratios, rough 
estimates of the conversion of revenue inputs into outputs. In this case, we have 
compared the two principal sectors of this economy – the United Way system and 
fundraising through independent intermediaries. According to this table, the two 
sectors are roughly comparable in their conversion of inputs into service outputs – 
producing $2.99 in services to clients for every $1 of United Fund giver-input, and 
independent sector fundraising yielding $2.53 for every dollar raised from givers.  
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Another measure of this particular human services economy was termed the 
Alternative Funding Ratio and is intended to assess the distribution of amounts 
given to the United Way compared to the amounts given directly to member 
agencies. In this community, the United Fund received significantly higher 
percentages of contributions (61%) than direct agency gifts (48%) indicating the 
likelihood of a distinct willingness in the community to favor the United Way 
method of generating revenue.  
The Centralization Index in this community was determined to be 5.85. The 
higher this index, the greater is the centralized fundraising arrangement. Thus, a 
community totally reliant on fees for service and decentralized fundraising only 
would score zero or close to zero on this measure. Further interpretations of this 
measure are only possible, however, in comparison with similar data for other 
communities.  
 Finally, we can estimate from the Community Giving Index the approximate 
patterns of giver contributions to United Funds, United Way agencies and 
independent human service agencies generally. In this particular community, the 
United Fund received 38 percent of all measured giver contributions. The 
independent agencies ranked second with 25 percent of measured contributions, 
and United Way agencies came in third with 26 percent of such giver contributions.  
In summary, these various parameters present a fairly flattering picture of the 
United Way operation in the study community. The United way system as a whole 
captures over half of all the measured giver contributions in this community with 
the fund itself getting a slightly larger share than direct agency contributions. Such 
contributions, along with grants from government sources, constitute the bul of 
revenue inputs to the Human Services economy in the community for a pattern of 
centralized decision-making.  
Also based on this data, it would appear that the United Fund operation is able 
to convert more revenue inputs into direct services to clients, even when holding the 
conversion percentages constant between the two sectors as we have done, and the 
United Fund itself is able to get revenue to agencies more efficaciously (that is, at 
lower overhead costs) than the economy as a whole.  
Transformations 
The final stage of the initial data analysis to be undertaken here involves the 
three distinct matrix transformations, using the general format outlined previously. 
Following the example of Leontief input-output economics, we can construct an 
input coefficient matrix. We will also discuss the appropriateness of the structure 
matrix in the human services economy, and demonstrate its uses in projections. Full 
comprehension of the nuances of the operations involved in this section would 
involve a rather elaborate presentation of matrix algebra and the uses of systems of 
simultaneous linear equations.  
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In general, the presentation is somewhat simplified mathematically, although 
full attention was paid in the analysis to the appropriate operational rules. The 
reader will recall from the previous section that a general formula for the input 
coefficient was identified from input-output economics: 
Axy =   Zxy  
  Zy 
In simplified form, this equation can be computed in  the case of the six by six 
matrix dividing each item in a given column (D12, D22, D32, etc.) by the column total 
in D62.  This should ordinarily yield a coefficient matrix similar to Table 5.  
Table 5. Input Coefficient Matrix 
 








Givers D11 .955 .352 .897 D15  
United Fund D21 D22 .249 D24 D25  
U.W. Agencies D31 D32 D33 .084 .759  
Federal 
Grants 
D41 .026 .249 D44 .241  
Beneficiaries D51 .019 .149 .018 D55  
Total Inputs D61      
 
Matrix Predictions 
Based on these estimates, we can set forth a number of possible predictions of 
the systematic impact of this action upon the entire human services economy shown 
in this matrix. If we were to follow the econometric course, certain quite explicit 
procedures would be followed.  This is clear, for example, from the United Nations 
report cited previously. However, given the more general approach taken here, 
several possible paths to prediction remain open. Therefore, before deciding upon 
any of these, it is necessary to clarify further what the nature and purpose of 
prediction under these circumstances is. 
In the view of many, predictions are generally viewed as future-oriented 
estimates of states or conditions.  However, in the more mathematically precise 
sense with which we are concerned here, predictions are the outcomes or solutions  
of prediction equations, and in this limited sense need not be bounded by time but 
may be predictions of the past or present as well as the future.  Indeed, using the 
procedures outlined in this study to predict past and present trends seems to be the 
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best available means to validation of the methods outlined. For the remainder of 
this discussion, however, we will concentrate on future-oriented predictions.  
In this sense, one of the critically important issues is the matter of the 
predictability of  events and processes in the human services economy. Schumacher 
(1999) suggests that there are four levels of predictability: 
1. Full predictability is something found only in the non-human (physical) 
world. 
2. Relative predictability of very large numbers of people doing “normal” things. 
3. Relatively full predictability possible only when human actors are controlled 
by a plan 
4. Individual decisions which are unpredictable in principle. 
  
Obviously,  the fullest mathematical possibilities of matrix predictions can be 
attained (as in engineering) in those situations where full predictability is possible. 
To some extent, Leontief’s stress in the econometric literature upon material flows 
and measurement in purely physical units must be seen as an effort to include 
econometric predictions under the rubric of full predictability. It is quite clear, 
however, that full predictability is not an appropriate model for matrix analysis in 
human service economies.  
The question, however, is whether this necessarily relegates predictions in this 
setting to Schumacher’s fourth category: the unpredictability of individual choices. 
My answer would be that it does not necessarily the case that both statistical 
predictability and planful predictability are, to some extent, appropriate models for 
prediction in the human service economy. Which model is to be applied, here, 
however, is at this point largely a matter of discretion, since each approach appears 
to be most applicable (and most sensitive in) different sectors of the table. 
Statistical prediction will ordinarily be possible in all cases involving large 
numbers. However, predictions that are in fact measures of central tendencies 
among predictor-distributions and predictions involving large probabilities of 
measurement error may not be very useful in such situations. Further, the critical 
issue with respect to planful predictability would appear to be to what extent 
actions in a sector, or the entire economy are, in fact, controlled by the plan. Trains 
that run on a schedule, for example, are ordinarily quite predictable, while budget-
plans can often be very poor predictors of ensuing events. Furthermore, there is 
very little present knowledge to which we can turn to clarify or isolate the error, or 
the degree of  usefulness of planful predictions. Therefore, as a general course it 
seems most reasonable that matrix predictions in human services economies be of a 
statistical nature. That is, focused on prediction of the normal actions of large 
number s of units and explicitly acknowledging the likelihood of error. 
The methodology of prediction equations of a statistical nature is explicitly 
developed and recognized in all of the social sciences, and its applications here 
should provide no insurmountable barriers (Blalock, 1972). The principal question 
 61 
is whether this approach will be used to predict single cell values and thus be 
merely an auxiliary device capable of generating data not available through direct 
observation or whether simultaneously linear prediction equations of a statistical 
nature are possible. The principal condition or criterion which would need to be met 
in this latter instance would appear to be the equal applicability of the predictors to 
the value to be predicted in each cell. Thus, prediction equations built upon public 
opinion or the economic behavior of households (such as public regardingness or 
family giving ) would not be usable in this context, since neither of these variables 
can be meaningfully related directly to the behavior of the intermediaries in the 
table.  
 
In fact, this constraint leaves us with three prediction possibilities: We can 
predict the expenditure outputs as functions of revenue inputs. We can predict (in 
the opposite direction) revenue inputs as expenditure outputs. However this 
possibility is much more difficult to work with and is explicitly ruled out in 
econometrics on theoretical grounds (goods do not “produce” their factors of 
production in economic theory.) The third possible approach is to predict across 
time, predicting revenues or expenditures in a given period (t2) from revenues or 
expenditures in an earlier period (t1).  Altogether, then, we have four possible 
approaches to prediction using the matrix model defined above: 
1. Distribution predictions using the input coefficient matrix. 
2. Revenue predictions of expected expenditures. 
3. Expenditure predictions of expected revenues. 
4. Statistical predictions of future expenditures based on either present or past 
expenditures. 
 
In addition to these possibilities we can also use statistical or planful prediction 
to determine individual cell values and supplement empirically available data with 
such predictions. This is, in fact what was done to generate the data found in Table  
3 above.  
Two of the four possible predictions noted immediately above – revenue 
predictions of expenditures and expenditure predictions of revenues – are, in fact 
highly useful in social planning, and particularly in program planning, but only of 
limited interest here.  Therefore, let us focus on the other two possibilities instead. 
Distribution Predictions 
This is the approach most directly comparable to that used commonly in 
econometrics. It is built on the very fundamental assumption that additional or new 
revenues will be distributed and expended in a pattern comparable to the present or 
observed patterns. Note that block models like those discussed above might be very 
useful in this context as a preliminary step to compare the structure of human 
services economies in different times or different places. Thus, establishment of an 
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input coefficient matrix like that in Table 5 provides us with a ready pathway to 
such predictions. We could assume, for example, that the United Way member 
agencies met together in the study community and decide they needed one million 
dollars in additional revenue. We can determine the full impact of this upon the 
community by using the coefficients to distribute the revenue burdens of these 
funds.  In that case the prediction is that $238,000 in additional direct contributions 
would be needed from givers, $293,000 from the United Way; $293,000 from other 
intermediaries and $275,000 in fee collections from clients. This prediction is based 
on the assumption that the new money would be raised in the same way as the 
observed pattern and so long as we look at all of this from only the agencies’ point of 
view, this analysis may appear sufficient.  
However, in this case the assumption that this money would be raised in the 
same manner as in the past is a two-edged sword. Community-wide solicitations 
may not simply generate revenues to United Way and member agencies, but may 
also generate spill-over contributions to unaligned agencies. And those agencies if 
they are alert to this possibility may gear up their fundraising efforts for this 
special effort just as they do for the regular United Way campaign. 
 The problem with the input coefficient approach to prediction, however, is that 
it fails to take into account the implication of revenue demands beyond the first 
order. In the example of an additional million dollars in needed revenue, givers the 
United Fund, other intermediaries and clients will all be affected.  Closer 
examination of the chart, however, suggests that the four entries in the third 
column of Table 5 fail to exhaust the potential impact of this projected increase in 
agency revenues. Of the $293,000 in expected additional revenue from the United 
Fund, examination of column 2 suggests that 95.4 percent will come from givers, 2.6 
percent from other intermediaries and 1.9 percent from clients. If we follow these 
figures further, we will see that of the 2.6 percent from other intermediaries, 89.7 
percent of that will also come from givers. Thus, we know already that the true 
impact of this projected change on givers will not only be the $238,000 reflected in 
column 3, but also 95.4 percent of the $93,000 to be generated by United Way, and 
89.7 percent of the other intermediaries’ contributions to both United Way and 





Input to Givers 
(Iterative Method) 
 $238,000  
1. $293,000 x .954 = $279,522  
2. $293,000 x .026 = $7,618  
3. $275,000   
4.    
True Impact of Giver Inputs $525,140  
 
Thus, the total to be gotten directly and indirectly from givers is $525,140, or 
nearly two and a half times the amount given to agencies directly. 
Two points should be clear from this. First, the total impact of this projected 
change upon givers is substantially greater than the initial amount projected in 
column 3 (which seriously understates the full impact). Secondly, a primitive, 
iterative solution such as that shown in Table 5 to the tracing of each and every 
second, third, nth order consequences could e very tedious, especially since each of 
these sends further ripples through the system. Solution of this problem in the 
Leontief scheme is left to a matrix transformation called inversion, which has no 
direct analogue in regular (scalar) algebra, except perhaps the inverse (one over x).  
In general, inversion of a matrix follows the general formula: 
 
AI = B 
 
Where A is the original matrix B is its inverse and I is the identity matrix. 
We can also predict the impact of a hypothetical millionaire making a large 
bequest in the community, or a new federal program in exactly the same way. In all 
instances, the input coefficient matrix allows us to distribute new and 
unanticipated funds to various sectors in the community and better understand 
their total impact. Look, for example, at the prediction in Table 6 of how much of a 
million dollar grant to United Way would reach clients in the form of services. This 
particular prediction it must be noted would hold only within the assumptions 
noted above; in this case that agencies would also generate sizeable amounts of 
additional outside revenue as a result. 
Unfortunately, for our purposes, a matrix inverse could not be computed for 
Table 5. Theoretically, this would appear to mean that the indirect effects 
previously noted are sufficiently small that they make no appreciable difference, 
and therefore, the input coefficient matrix is the best available device for making 
this type of prediction.  
In some instances, however, it may be more appropriate to base matrix 
predictions on some basis other than the distribution patterns represenged by the 
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input coefficient matrix. Although this approach is largely beyond our scope here, it 
should be noted that equations of the general form nay be used in simultaneous 
linear form.  
T = SR 
In this case, T equals predicted cell values, while S equals known or present cell 
values and R equals the increment of growth or change. The analyst should note, 
however, that strictly speaking this equation is appropriate only in the 
organizational setting of the intermediate sectors and would probably have to be 
used in combination with the input coefficient matrix to determine effext on other 
sectors.  
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The Future of Matrix Analysis in Social Planning 
 
A number of important questions as well as several avenues of theoretical and 
technical development are opened by the approach to matrix analysis outlined in 
this study. Some of the most important of these questions will be considered in this 
section originally written for the 1976 study. A more extensive, and retrospective 
consideration of other implications are explored in the added chapter that follows. 
In general, the considerations discussed here are organized into four categories: 
findings regarding the human service economy in the study community; advantages 
and disadvantages of the matrix approach to analysis in social planning; and future 
work necessary to realize the full potential of this approach.  
Under the heading of advantages, the new research and analytic questions posed 
by the model identified in this study will be noted and the potentials of this 
approach for operationalizing a range of previously problematic concepts such as 
community and service delivery system will be discussed. In examining the 
drawbacks of this approach, the problems of linearity and the stability of the ratios 
in the structure matrix will be discussed, as will the need for validation and 
reliability testing. Also discussed in this section will be the need for development of 
more sophisticated prediction equations for use with this technique.  
In the final section, the need for three different types of investigation will be 
noted: exploratory studies designed to identify the range of block models which are 
characteristic of various human service delivery systems; validation and reliability 
studies designed to establish and or improve the matrix model and to establish 
appropriate limits on its use.  
The Study Community 
A number of interesting findings have emerged from this investigation off the 
Knoxville human service delivery system.   The most significant is that the data do, 
indeed, indicated the existence of a sufficient level of integrated financial 
transactions as measured by the matrix method to justify use of the term human 
service economy.  Whether such integration also exists in othr communities, it 
should be noted, is an empirical question needing further inquiry. In general, 
however, it seems plausible that the Knoxville human service economy is quite 
typical in this respect.  
Further this human service economy appears to be extensive p potentially 
embracing all sectors of this table and subject to a considerable amount of 
additional disaggregation. The vacant cells in this analysis are chiefly the result of 
limited data collection capabilities of the late 197ps, rather than fully inappropriate 
measurement categories.  
Also, it would appear on the basis of the data this is available that the United 
Way assumes considerable importance within the Knoxville human services 
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economy, accounting for nearly half of all of the services eventually delivered to 
clients. The United Fund annual fundraising drive appears from thee 
measurements noted above to be the single most significant financial sourse for 
human services in this particular community, and a factor in the fairly strong 
pattern of centralization observed.  
Of course, it is important to point out that a number of crucial estimates were 
made that lend a conditional quality to all of these judgments.  It is hoped that 
future analysis can refine and correct any errors in the analysis or conclusions 
resulting from these estimating procedures.  The question of the stability of the 
structure of this local human service economy is, of course, a crucial one about 
which more is offered below.  
Apparent Advantages 
Based on the discussion in this study there would appear to be three  distinct 
reasons for further consideration of matrix analysis as a technique for social 
planning. It tends, because of the logical rigor involved to elaborate and make 
explicit a variety of relations and questions that otherwise remain hidden or 
implicit. This can be called the typological dimension.  Matrix analysis, either 
through the elaboration of simple block models, or through the highly sophisticated 
structure and inverse matrices computed above, offers a range of tools for 
operationalizing and quantitative definition and measurement of a host of concepts 
whose very elusiveness is one of the more difficult aspects of dealing with social 
phenomena. This is the measurement dimension. We will not examine both of these 
in turn.  
The Typological Dimension 
Several problems that frequently are difficult in the early tooling up stages of 
planning can be approached through the typological dimension of matrix analysis. 
For example,   so called questions of apples and oranges can often be approached 
through constructing a simple matrix of he suspected elements and related 
elements in a planning problem. Ordinarily, such problems of comparing 
incomparable conceptions often dissolve under intensive and rigorous scrutiny. 
Thus, for example, the question of whether United Way is an organization or a 
network of organizations was dissolved in this case. It is in reality both considered 
in light of different questions. The administration of the fund was set up as a 
separate sector from the member agencies – the internal infrastructure of either of 
these not posing any real issue as a result.  
Further, the cells of the matrix, together with the operations of aggregation and 
disaggregation and the linear equations offer practical bases of different levels of 
analysis. One of the most vexing problems here is the temptation to gloss over such 
problems, or merely to attach human or personal attributes to social institutions 
Thus, the planner is sometimes  tempted, for example, to speak of “the personality” 
of a neighborhood as though the term personality which refers explicitly to 
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individual human beings were also appropriate in the discussion of neighborhoods. 
It seems that whatever it is that planners may have in mind in this use of the term, 
it probably  has something to  to do with traits or properties of the neighborhood as 
a whole and not any of its constituent elements. In that sense, it is an emergent 
property and probably not susceptible to disaggregation.  
The explicitness of matrix analysis requires that concepts such as neighborhood 
or community, if they are to be employed in social planning, must be clearly defined 
and the constituent elements and relationships identified. In the case of a local 
human service economy, this definitional process must be quite extensive and 
detailed and such would probably be the case generally. When problems being 
modeled are restricted to a single dimension this definitional task will, of necessity 
be simpler and less extensive than in cases where several sets of relationships are 
investigated simultaneously.  
It could be feasible, for example to identify the economically significant sectors of 
the local human service economy in such a way as to model the social, personal and 
professional iterations, and political elements, including power and influence 
relationships.  The complexities involved in formulating these models and stating 
the equations involved are formidable. However, it has been demonstrated in the 
previous discussion that this possibility does exist. In any event, even if such 
models cannot presented be made fully operational, for prediction purposes, their 
typological usage by planning would appear to be substantial. 
Such typological rigor, it should be noted, may also be a drawback for social 
planners, since not all planning problems are sufficiently well understood or 
theoretically stated to enable these kinds of precise models we are  dealing with 
here. In such instances,  however, one should not sell short the capabilities of block 
modeling , and by implication  the entire domain of sociometric modeling. In many 
instances, simply being able to state the universe of relationships that exist 
between components in a planning problem can in itself be inciteful, even in those 
cases where monetization or exact measurement is not possible.  
The potentials here are large indeed: multi-color sociometric models, with each 
color representing a different set of relations (friendship, joint membership in an 
association or committee, personal influence, et. al. ) and three-dimensional “tinker 
toy” sociometroc diagrams may extend considerably the capabilities of a simle block 
model. At the same time, the potentials of aggregation and disaggregation 
suggested by the econometric example extends the traditional sociometrip 
dependence on modeling relationships between individual persons.  
The Measurement Dimension 
Most social planning attempted today is either implicitly or explicitly micro-
social in nature (perhaps the term psychological might be more appropriate here). 
That is, most social planning proceeds on the basis of three independent 
assumptions: Individual personalities and their needs constitute the basic and 
fundamental unit of interest to planning.  In this context, it is perhaps worth noting 
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that mainstream economists have long taken issue with the concept of human needs 
as a more-or-less meaningless abstraction, preferring instead the seemingly more 
objective (or at least, more measurable) economic concept of wants; an idea which 
aggregates conveniently into measurable demand. Perhaps the most high level 
defense of this position is found in Robert Nozick’s treatise Anarchy, State and 
Utopia (1974) where he argued there was no philosophical basis for distributing 
goods on the basis of need; suggesting, as it were that human services like all forms 
of charity and philanthropy were some sort of fool’s errand that must inevitably 
violate the property rights of individuals.  In contrast to this view, Paul Russell 
(1987)  argued that Nozick was wrong, or at least too limited in his perspective. 
People not only have rights to their goods, Russell argued, they also have 
obligations to act charitably; to in effect help meet the needs of others. This and 
other more recent defenses of needs perspectives open entirely new justifications of 
need as a defensible concept that could not have been justified at the time of the 
original study. 
Multi-agency, multi-program fields of service such as corrections, children’s 
services, mental health, aging, homeless services and other are found in most 
communities today.  At the time of the original study these had seldom been 
approached systematically as aggregates of similar agencies or programs into 
sectors and such sectors were not part of theory or practice in human services or 
social planning. Theory and practice of human services have changed considerably 
since that time, as will be made clear in the following section, and the original 1976 
presentation of this study was one, minor indicator of that change as it was 
beginning to happen.  
Not the least of the potentialities of matrix analysis for dealing with human 
services planning problems is the possibilities that it opens for dealing 
systematically with large, macro-social unites at levels beyond the individual 
organization. Although the data presented above have been purely financial, the 
supporting argument both theoretically and methodologically is in part sociological. 
This approach was chosen explicitly to underline the non-economic capabilities of 
such matrices for prediction of future events and trends in such large social units 
and aggregations.  
The study presented here originally addressed measurements of the performance 
of at least three such macro-social units: 1) Industries of human services agencies 
delivering similar types of human services and producing common outputs, but also 
bound together in the case of United Way by their common membership; 2)  
Communities, an admittedly difficult and ambiguous concept that in this case is 
limited primarily to geographical proximity. Third, there is the concept of a human 
services economy discussed above, and which is operationalized in this sense as a 
complex but integrated and related set of transfers of financial resources for the 
purpose of producing human services.  
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In the following section, we will introduce another, fourth macro-social unit: the 
sector, a categorization not based on outputs but on other considerations, including 
institutional differences and legal distinctions.   
Although each of these macro-level constructs is directly or implicitly referred to 
often in the literature of social planning, little effort can be found that has been 
directed to measurement of these concepts, or of the construction of planning 
models or methods based on them.  
The most dramatic possibilities for the use of matrix analysis, however, rest with 
the capability for prediction and forecasting of outcomes in complex federated 
systems. Indeed, the Leontief approach which forms part of the basis for the model 
set forth here is almost exclusively a prediction and forecasting methodology. That 
matrix methods are also usable for other purposes including data collection, 
problem definition, and investigation of various descriptive and explanatory 
hypotheses is perhaps even more clear from the sociometric literature that forms 
the other principal anchor here. Indeed, it is because of this broader, multi-
disciplinary perspective that the approach is named matrix analysis rather than 
input-output analysis.  
It should be clear by now that matrix methods offer a broad and far-reaching set 
of potentials for application to social planning. Further, given the generally low 
level of theoretical development in most areas of concern in social planning today, 
the empirical, inductive qualities of matrix modeling as outlined here and in the 
sources indicated, makes this an attractive tool. 
Stability of ratios 
When all is said and done, the predictive value of the human services model 
outlined in these pages is dependent on two very important assumptions. The first , 
dealt with in this section, is the assumption that the input coefficients derived in 
the structure matrix are stable over time. The second assumption, dealt with in the 
section immediately following, is that the relationships that are involved between 
financial inputs and service outputs are linear in nature.  
The issue of stability of the input coefficient ratios over time is one that is 
central to the predictive utility of this approach, but a question about which very 
little is actually known in human services or social planning Consequently, the 
assumptions made in this study are essentially of an all other things being equal 
quality. This assumption is made in the absence of evidence to the contrary. Future 
work in this area could either establish or reject a base of support for this 
assumption. 
In the case of input-output economics, the issue of the stability was resolved by a 
study conducted by Leontief of the American economy between 1919 and 1929 in 
which the stability of input coefficients over this ten year period was established. 
The examination of this question of stability in the case of human services economy 
might take a similar form. However, since the model defined here is explicitly a 
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community level one, opportunities also exist for investigating the stability of input 
coefficients across communities as well as over time The possibility that the 
contributions of givers to United Way represent an approximately equal proportion 
of total service inputs in all communities, or at least fall within a limited, 
predictable range, certainly exists, but has never been investigated.  
This issue is crucial. If on the one hand such stability can be shown to exist as I 
personally suspect it does, then it is very likely that future patterns of revenue and 
expenditure in human services can be readily predicted with tolerable expectations 
of accuracy. If, on the other hand, the input coefficients of the matrix are simply 
unstable variables which fluctuate from year to year in no apparent pattern one of 
two options must be exercised: Either the model investigated here must be 
abandoned as a predictive device or a superior basis for prediction must be 
identified.  
My hypothesis that there is at least a measure of stability in the input coefficient 
matrix is based on several considerations. First, there is the scale of aggregation 
involved, and the very good likelihood that the aggregate measures involved in the 
six by six cell matrix above incorporates a broad range of fluctuations in both 
directions which have the effect of cancelling one another out. Indeed, this shares 
something in common with the theory of large numbers on which statistical 
measurement is based. The second consideration is that a number of separate 
investigations in recent years have highlighted the stability and incrementally 
changing qualities of public expenditures. There is little reason to suspect radically 
different performance in the voluntary sector where similar patterns of incremental 
budgeting are easily observed. This remains, however, purely an hypothesis. 
Further investigation is definitely warranted.  
Linearity 
Leontief’s input-output economics is in many quarters referred to also as linear 
programming, a nom de plume that accentuates the fact that in the prediction 
equations the values involved are liner functions of one another. By contrast, it is 
not by any means clear or established that the relationships between human 
services revenues and expenditures and other possible relationships that may be 
involved in matrix analysis are directly liner or even the degree to which they are 
stable. Even if they are stable, they may be curvilinear, or involve some complex 
polynomial or they may simply fluctuate randomly. One corrective for curvilinearity 
often employed in social research that may be of some use here would be to use 
logarithmic rather than initial values, thus “linearizing” the relations involved. The 
problem of random variation, however, would prove more intractable. There are 
grounds for concluding that in human services revenues and expenditures probably 
are related to one other in a linear manner. (One of these is referred to in some of 
my subsequent work as the break even assumption: If funds are awarded to a 
human service organization in a given fiscal year, the normal assumption is that 
 71 
they will be spent during the period awarded (Lohmann, 1976; Lohmann, 1980). In 
such cases, expenditures are related to specific income sources in a linear fashion.  
Prediction Equations 
Those whose background is econometrics may disagree with the conclusions of 
this study that the theory on which econometric equations are based is 
inappropriate for use in a local human services economy. If so, let them present 
their case and the evidence. In the time before nonprofit economics reached its 
current state, one otherwise sympathetic critic referred to this approach as “simply 
a social accounting scheme.” My lingering suspicions are that the non-market, 
voluntary and public service context of most human services transactions, as well as 
the importance of non-economic (or, perhaps, social economic) considerations in 
human services agencies and networks  all act to invalidate conventional micro-
economic assumptions and theory.  
However, the choice made here to depart from econometrics and to seek a 
broader basis for the application of matrix analysis in both econometric and 
sociometric methods leaves the issue of how to make predictions within the matrix 
somewhat at loose ends. This problem, however, is less serious than it may at first 
appear.  
 One type of prediction that can readily be made with the matrices introduced in 
this study, for example, might be termed the  point input method. In this approach, 
the social planner merely assumes the input of an additional (and presumably 
considerable) amount of financial resources at a given point and then predicts the 
marginal effects of the ensuing transactions on the rest of the local human services 
economy.  Additional grant revenues to agencies, for example, would probably not 
affect giver sectors directly, since the table does not flow in that direction and there 
is scant evidence of feedback effects related to grant. This approach would be of 
interest, however, in cases where a new grant program (such as Title XX was in 
1976) or major new philanthropic channels have been opened. For example, Table X 
below explored the implications of the distribution of $1 million in new Title XX 
funding across the human services economy. The lone assumption made in this 
hypothetical is that the $1 million will be evenly divided among United Way 
member and non-member agencies.  
Another kind of prediction possibility, one which corresponds more directly to 
the Leontief approach and is grounded in the nonprofit economics that emerged 
after the original study was completed. Can be termed the factors of production 
approach. It should be noted here that because of the newness of the human service 
economy concept when it was introduced in 1976 and the fact that the first 
publication in nonprofit economics did not begin to appear until the following year, 
no real basis for this approach actually existed at the time of the original study 
(Weisbrod, 1977). In general, this approach would involve identifying the 
appropriate factors of production and the construction of simultaneous linear 
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prediction equations directly comparable to those used by Leontief to predict the 
economic outputs of the different sectors of the table.  
Using the social economic approach, it could reasonably be argued, for example, 
that Community Welfare effort is a function of certain community characteristics, 
such as the level of urbanization, industrialization, educational attainment, per 
capita income or other, similar socio-economic factors.  One might on the basis of 
this approach, for example, be able to establish a prediction equation to predict 
anticipated total output  of a local human services economy in the future  (Blalock,  
1972) Assuming that such an aggregate prediction that corresponds with the 
determinant of the matrix, and we could then use the input coefficient matrix to 
distribute the anticipated effects back through the entire matrix.  
An even more fundamental approach to predictions would be to capitalize on 
recent evidence suggesting that present levels of public expenditures constitute a 
combination of a base of previous expenditures to which agencies believe themselves 
entitled and an increment of annual increase (or decrease) (See the budget chapters 
of Lohmann, 1980, Lohmann & Lohmann, 2002 and Lohmann, 2016 for fuller 
discussion of this point).  Thus, 
B + I = P 
where B represents the present budget level, or base, I represents the increment of 
increase or decrease and P represents the predicted value of available funding. 
While these approaches certainly suggest the full flowering of input-output 
economics, it is to be hoped that this study has demonstrated the durability of the 
underlying matrix model of a human service economy; the bedrock on which these 
and other prediction possibilities can be constructed.  
 
Validation and Reliability 
Even if all of the questions raised by this discussion could be satisfactorily 
answered, however, a residual set of concerns would still exist. These can be 
discussed under the social research headings usually identified as validity and 
reliability. In general, validity is considered the degree to which a measurement 
instrument actually measures what it purports to measure. Reliability, on the other 
hand, is usually regarded as the ability of a measure to yield comparable results 
under comparable conditions, and when administered by different persons.  
At least three forms of validity are ordinarily discussed in the social sciences: 
Face validity, or the intuitive or native “rightness” of a measure. Measuring 
intelligence, for example, with a measure of personal income would completely lack 
face validity. To suggest that the more income one has the more intelligent they are, 
would, in fact, completely confuse two very different concepts and make any 
consideration of the possible relation between them impossible.  Pragmatic validity 
is a concern for the usefulness of a measure. Thus, however interesting it might be 
to be able to measure the intelligence of individual American founding fathers using 
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current measures of intelligence, such approaches would probably come up short in 
terms of pragmatic validity. Finally, most social science research focuses on seeking 
to establish construct validity, or the precision with which a measure measures a 
concept.  
Each of these forms of validation has procedures and statistical tests associated 
with it. Examination of the local human services matrix as an instrument of test for 
measuring the human services economy using such validation efforts would be one 
way to further establish (or dismiss) the credibility of this instrument as a tool of 
planning From this point of view, for example, the Leontief method would generally 
be accorded high marks for construct validity since it is generally considered to 
provide more accurate (and therefore more valid) measures of the Gross National 
Product and other measures of the national economy.  
If the validity of the human service matrix can be established by these means 
and measures, fine.   There is then no need to investigate its reliability, since at 
acceptable levels of validity reliability is assumed. However, short of that, certain 
important questions arise: Two of these are of particular importance: the reliability 
of the available data (and, consequently the estimates made in this study) and what 
is ordinarily called inter-coder reliability. That is, is it likely that two different 
persons, faced with the same matrix and the same set of raw data will produce  the 
same result? Stated in this way, reliability is frequently a question of elaboration of 
adequate coding instructions., in this case the rules for entering data into each of 
the cells of the matrix.  
At this point it would probably be advisable for anyone seeking to use the matrix 
approach for measuring a local human service  economy to spell out clearly and in 
advance the rules they intend to use for locating, entering and adjusting data. Note: 
This is far more significant issue today than it was in 1976 since there is today a far 
greater range and supply of data from many more sources than there was in 1976. 
Data taken directly from agency financial records, or gathered by sample surveys 
for example would likely be more reliable than the finds of gross estimates made in 
this study. However, such questions must constantly be assessed against the costs 
of data collection. Obviously, a tolerable level of reliability must be sought always, 
but complete reliability may often be economically unfeasible in this or other 
analyses.   In this context, explicitness about the level of acceptable reliability is 
probably essential. Thus, with the computations indicated here no established 
reliability or validity should be assumed, since nothing beyond face validity 
(“common sense”) has been established.  
Conclusion 
Matrix analysis as outlined in the previous pages of this report constitutes an 
interesting and potentially relevant tool for use in social planning at the local level 
in small and midsized urban settings. Many of these same perspectives might apply 
equally well to county and multi-county regional settings. As a specialist in rural 
and smaller urban settings, I have not attempted to think about using matrix 
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techniques in very large (e.g., over one million population and of several hundred or 
even thousands of human service agencies) urban settings, or at an urban 
neighborhood scale. Obviously, the larger the scale the more complex and expensive 
collection of raw data like that collected here would be. This is less obvious, 
however, today than at the time of the original study because of  radical 
improvements in the quality of national data sets like those of the IRS Exempt 
Organizations files and the Foundation Center. In addition, there is today a 
significant community of researchers skilled and experienced in working with these 
data sets some of whom would be available for consulting. Finally, revisions to the 
IRS 990 income reporting form for exempt organizations have considerably 
simplified the task of initial data collection for specific United Ways (Froelich, 2000; 
Froelich, Knoepfle, & Pollak, 2000). In particular,  public support collected from 
givers through the campaign and payouts to specific individual agencies are fully 
spelled out in completed reports.  
As a political technology matrix analysis cannot be expected to solve many of the 
difficult and complex problems faced by social planners. On the other hand, it does 
appear to offer considerable potential for clarification, measurement and prediction 
of possible outcomes of those planning social programs. This would be particularly 
true when matrix technology is coupled with more recent advances in 
distinguishing and measuring outputs and outcomes (Martin, 2001; Lohmann, 
2016) 
The input-output approach using matrix technology demonstrated in this report 
raises as many questions as it resolves. It should be obvious to anyone reading this 
report that the original study failed to generate the kind of interest that the author 
had originally hoped for. In part this was a matter of timing: Human social services 
planning, in particular beyond the level of the individual enterprise, was a far more 
extensive consideration than it is today. In the human services delivery systems of 
many small and midsized communities today there is virtually no social planning of 
the type that was common in 1976. Program planning is, at present, almost entirely 
a matter of individual social agency initiatives. Even so, matrix analysis can and 
will remain a footnote in the annals of human services program planning; available 
for use at any time it is called upon. 
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